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A B S T R A C T
The Massachusetts Department of Energy Resources (DOER) is promoting
the installation of renewable thermal systems in buildings in order to decrease
the Commonwealths dependence on nonrenewable resources. The goal of this
project was to improve and promote the installation of renewable thermal sys-
tems by evaluating three renewable thermal projects, an air source heat pump
and two biomass systems, that are part of DOER programs. Through interviews
and site visits, we gathered project process and performance information. We
created informational fact sheets for each site detailing lessons learned for com-
munities considering future projects. It is our hope that these fact sheets will
lead to the implementation of more renewable thermal projects, each with more
efficient implementations.
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E X E C U T I V E S U M M A RY
The use of fossil fuels is both harmful to the environment and unsustainable.
It is linked to many problems such as greenhouse gas emissions, which cause cli-
mate change and health issues such as cancer and respiratory problems. Further-
more, the earth’s fossil fuel resources may be depleted by the end of the century.
To reduce the use of fossil fuels in the Commonwealth of Massachusetts, the
Global Warming Solutions Act (GWSA) was enacted in August of 2008. The
GWSA created a framework for reducing heat-trapping emissions to levels that
scientists believe gives humanity a chance of avoiding the worst effects of climate
change. Pursuant to the GWSA, all sectors of the economy must reach a target
of a 25% reduction of greenhouse gas (GHG) emissions by 2020 and an 80% re-
duction by 2050. As a result of the GWSA, many programs have been imple-
mented by state agencies to promote energy efficiency and the use of renewable
resources.
The Massachusetts Department of Energy Resources (DOER) has started the
SAPHIRE and Renewable Thermal Programs to help motivate the implemen-
tation of renewable resources in buildings. The focus of these programs is on
buildings since buildings account for 49% of all energy used in MA, compared
to the national average of 41%. These programs have made an effort toward re-
ducing fossil fuel use in schools and public buildings in the Commonwealth, but
were lacking an evaluation and explanation of existing project processes. To fur-
ther the effectiveness and reach of these programs, there is a need for more eval-
uation and promotion. We worked with the DOER to address this issue.
goal , objectives and methods
The goal of our project was to support the DOER’s commitment to reducing
greenhouse gas emissions in the Commonwealth of Massachusetts by evaluating
three renewable thermal pilot projects to investigate ways to improve and pro-
mote the installation of renewable thermal heating and cooling systems. In order
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to achieve this goal, we completed the following three research objectives to pro-
duce case studies that evaluate pilot renewable thermal programs:
1. Identify the questions and concerns past project site leaders have had when
considering implementing a renewable thermal project.
2. Determine project implementation processes and challenges of renewable
thermal projects.
3. Determine how these renewable thermal projects are performing in regards
to cost and energy usage.
Our first objective was to identify the questions and concerns past project
site leaders have had when considering implementing a renewable thermal
project. We utilized metrics formed from an interview with our sponsor to pro-
duce interview questions that we used when interviewing stakeholders at each
project site. In order to identify questions and concerns past project site leaders
have had we interviewed the on site project leaders and stakeholders including
but not limited to: school superintendents, housing development directors, de-
partment of housing representatives, school facilities managers, and grant coordi-
nators at the three case study sites.
Our second objective was to determine project implementation processes
and challenges of renewable thermal projects. The application of renewable re-
sources in buildings such as schools and public housing initiatives is relatively
new in Massachusetts. Consequently, we produced an explanation of the entirety
of the project planning and implementation processes, including decisions and
how they were made, incentives and assistance that were provided, and barriers
encountered and how they were overcome. We interviewed those who were/are
in charge of each site in regards to the implementation process of the DOER re-
newable thermal project at each project site.
Our third objective was to determine how the renewable thermal projects
are performing in regards to cost and energy usage. When producing these case
studies, we desired quantitative data to illustrate the effectiveness of the project.
In an effort to achieve this goal, we attempted to gather information from util-
ity bills and projected values from feasibility studies as well as utilized existing
energy auditing tools to collect and categorize numerical data from each project
site.
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Using the information obtained through the previous tasks, we produced
case studies on the three renewable thermal projects to promote future renew-
able thermal energy projects.
The three projects we focused on when completing these objectives and produc-
ing our deliverables were:
• Amherst College Bunker Building: Installed biomass pellet boilers. The project
was funded partially by the Mass CEC Pilot, and has been operational
since April 2015.
• Southern Berkshire Regional School: Installed biomass pellet boilers. The project
was funded partially by SAPHIRE and the MSBA, and will be operational
as of October 2015.
• Sudbury Public Housing Development: Installed Air source heat pumps. The
project was funded entirely by the SAPHIRE program and has been opera-
tional since January 2015.
results
After completing the analysis of data collected from our interviews and on-
site visits, we compiled a list of findings. We first present our findings regarding
the metrics we used when collecting data. These findings were compiled after
analysing data collected from the interview with our sponsor. We then present
the findings that were derived from project site data collection and analysis.
Findings Relating to Metrics
• Cost is a Metric for Assessing Renewable Thermal Projects
• Community Acceptance is a Metric for Assessing Renewable Thermal Projects
• Operational Logistics and Aesthetics are Metrics for Assessing Renewable
Thermal Projects
Site Findings
• Commissioning a feasibility study prior to beginning a renewable thermal
project can be very valuable.
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• Failure to consider the context in which a renewable energy technology is
being implemented can lead to poor performance and increased required
maintenance.
• Educating the community about new technology before installation can
lead to community support.
• Working with experienced engineers can make a big difference in the project
timeline and post project effectiveness.
• Improving a building’s energy efficiency improvements prior to or in addi-
tion to upgrading the heating system may lead to increased cost savings.
• Public housing rules and regulations can be barriers when implementing a
renewable technology project.
• Failure to consider context when choosing a metering system can lead to
problems with gathering data.
While many of our findings are specific to the project sites we studied, it is
important to note that these findings can be applied to many renewable thermal
project sites in the future.
recommendations
From our findings we compiled a list of recommendations that we presented
to the DOER. It is our hope that the DOER will be able to use these recommen-
dations to make improvements to future renewable thermal projects. It is impor-
tant to note that our data analysis, and thus our recommendations are not with-
out limitations. We were unable to provide an analysis of projected outcomes
and actual outcomes relating to greenhouse gas emissions, renewable system en-
ergy efficiency, annual energy use, and annual fuel cost comparison of renewable
systems and fossil fuel systems due to the lack of access to quantitative data at
each site. Furthermore, our recommendations stem from site visits at only three
project sites in a young program. For this reason, our recommendations reflect
only our analysis of qualitative data we collected including interviews and onsite
visits from each of the three project sites.
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Recommendations Relating to Informational Material for Potential Project
Sites
After speaking with our sponsor regarding her past experiences working
with renewable thermal projects, we learned that potential project site leaders are
most confident when presented with case studies of similar projects and docu-
mentation of cost comparisons between renewable and fossil fuel systems. There-
fore, we recommend that:
• The DOER continue to create case studies to provide up to date informa-
tion to potential project sites about existing renewable thermal projects.
• The DOER bring case studies when consulting with new project sites.
• The DOER provide examples of cost comparisons of fossil fuels and renew-
able energy including implementation and operational costs when consult-
ing potential project sites.
Recommendation Relating to Community Education
Following our analysis of the project process at the Southern Berkshire Re-
gional School, we learned of the importance of community education and com-
munity support. Therefore, we recommend that:
• The DOER provide methods or examples for conducting outreach and edu-
cation of the community on renewable thermal technologies when consult-
ing potential project sites.
Recommendations Relating to Feasibility Studies
In all of the project sites that we studied, data from our on-site visits high-
lighted the importance of commissioning a feasibility study. Therefore, we rec-
ommend that:
• A feasibility study be completed at each potential project site.
• Potential project sites commission a feasibility study prior to beginning a
renewable thermal project.
• The DOER strongly suggest or make it a requirement of their grant pro-
gram that renewable thermal project sites commission a feasibility study
prior to beginning a renewable thermal project.
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• The DOER provide funding to commission a feasibility study that includes
a comparison of multiple renewable thermal heating and cooling systems.
• The DOER provide funding to commission a feasibility study that com-
pares different types of metering systems and their application in the project
site before providing funding to sites for metering systems.
Recommendations Relating to Experienced Engineers and Contractors
We heard from interviewees at all three sites that the experience of the en-
gineers working on the project makes a huge difference in the project planning
and installation processes. We therefore recommend that:
• Project sites work with engineering firms and contractors that are familiar
with renewable technologies.
• The DOER provide a list of engineering firms and contractors that are fa-
miliar with each type of renewable thermal technology to each project site.
• There be investment in educating contractors and electricians in renewable
thermal technology.
We achieved our goal of supporting the DOER by evaluating three renew-
able thermal projects to improve and promote the installation of renewable ther-
mal systems, and produced informational case studies for each project site we
studied. It is our hope that the case studies we produced will both promote the
DOER’s renewable thermal programs and provide information to potential project
site leaders that will, along with the list of recommendations, aid in improving
renewable thermal project processes. As the number of successful renewable
thermal projects increases in the Commonwealth of Massachusetts, greenhouse
gas emissions and fossil fuel dependence will decrease, resulting in a healthier
and more sustainable future.
viii
C O N T E N T S
Abstract i
Executive Summary iii
1 introduction 1
2 background and literature review 4
2.1 Fossil Fuel Dependence and its Consequences . . . . . . . . . . . . . 4
2.2 Energy Use of the Buildings Sector . . . . . . . . . . . . . . . . . . . . 7
2.3 Transitioning Between Fossil Fuels and Renewable Energy . . . . . . 10
2.3.1 Public Opinion on Renewable Energy Systems . . . . . . . . . 10
2.3.2 Cost and Pricing of Renewable Energy Systems . . . . . . . . 11
2.3.3 Performance Metering in Renewable Energy Systems . . . . . 12
2.3.4 Potential Obstacles in Transitioning to Renewable Energy Sources 13
2.4 Massachusetts and Energy Efficiency/Renewable Energy Programs . 13
2.4.1 Specific Energy Efficiency/Renewable Energy Programs in Build-
ings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.4.2 DOER’s Renewable Thermal Programs . . . . . . . . . . . . . 15
2.5 Renewable Energy Technologies . . . . . . . . . . . . . . . . . . . . . 16
2.5.1 Solar Thermal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.5.2 Geothermal Heating and Cooling . . . . . . . . . . . . . . . . 18
2.5.3 Biomass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.5.4 Air Source Heat Pumps . . . . . . . . . . . . . . . . . . . . . . 21
2.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3 methodology 25
3.1 Renewable Thermal Project Site Information . . . . . . . . . . . . . . 25
3.1.1 Amherst College Bunker Building - Biomass Pellet Heating . 26
3.1.2 Southern Berkshire Regional School - Biomass Pellet Heating 26
3.1.3 Sudbury Public Housing Development - Air-Source Heat Pumps 26
3.2 Objective #1: Identifying Concerns of Past Project Site Leaders . . . 27
ix
3.2.1 Consulting the Sponsor . . . . . . . . . . . . . . . . . . . . . . 27
3.2.2 Consulting Onsite Stakeholders . . . . . . . . . . . . . . . . . 27
3.3 Objective #2: Determining project implementation processes and chal-
lenges of renewable thermal projects . . . . . . . . . . . . . . . . . . . 29
3.4 Objective #3: Determining renewable thermal project performance . 30
3.4.1 Data Collection and Analysis . . . . . . . . . . . . . . . . . . . 30
3.5 Deliverables: Case Studies on Three Project Sites . . . . . . . . . . . . 31
4 results 32
4.1 Determination of Metrics . . . . . . . . . . . . . . . . . . . . . . . . . 32
4.1.1 Cost is a Metric for Assessing Renewable Thermal Projects . 32
4.1.2 Community Acceptance is a Metric for Assessing Renewable
Thermal Projects . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.1.3 Operational Logistics and Aesthetics are Metrics for Assessing
Renewable Thermal Projects . . . . . . . . . . . . . . . . . . . 33
4.2 Site Descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.2.1 Amherst College Bunker Building . . . . . . . . . . . . . . . . 34
4.2.2 Southern Berkshire Regional School . . . . . . . . . . . . . . . 41
4.2.3 Sudbury Public Housing Development . . . . . . . . . . . . . 46
4.3 Site Findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
4.3.1 Commissioning a Feasibility Study Prior to Beginning a Renew-
able Thermal Project Can Be Very Valuable . . . . . . . . . . . 52
4.3.2 Failure to Consider the Context in which a Renewable Energy
Technology is being Implemented can Lead to Poor Performance
and Increased Required Maintenance . . . . . . . . . . . . . . 54
4.3.3 Educating the Community about New Technology before In-
stallation can Lead to Community Support . . . . . . . . . . . 57
4.3.4 Working with Experienced Engineers Can Make a Big Differ-
ence In The Project Timeline and Post Project Effectiveness . 59
4.3.5 Improving a Building’s Energy Efficiency Improvements Prior
to or in Addition to Upgrading the Heating System May Lead
to Increased Cost Savings . . . . . . . . . . . . . . . . . . . . . 61
4.3.6 Public Housing Rules and Regulations Can Be Barriers When
Implementing a Renewable Technology Project . . . . . . . . 61
x
4.3.7 Failure to Consider Context when Choosing a Metering Sys-
tem can Lead to Problems with Gathering Data . . . . . . . . 62
4.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
5 recommendations 64
5.1 Recommendations Relating to Informational Material for Potential Project
Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
5.1.1 We recommend that the DOER continue to create case studies
to provide up to date information to potential project sites about
existing renewable thermal projects . . . . . . . . . . . . . . . 64
5.1.2 We recommend that the DOER bring case studies when con-
sulting with new project sites . . . . . . . . . . . . . . . . . . . 65
5.1.3 We recommend that the DOER provide examples of cost com-
parisons of fossil fuels and renewable energy including imple-
mentation and operational costs when consulting potential project
sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
5.2 Recommendation Relating to Community Education . . . . . . . . . 66
5.2.1 We recommend that the DOER provide methods or examples
for conducting outreach and education of the community on
renewable thermal technologies when consulting potential project
sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
5.3 Recommendations Relating to Feasibility Studies . . . . . . . . . . . 67
5.3.1 We recommend that a feasibility study be completed at each
potential project site . . . . . . . . . . . . . . . . . . . . . . . . 67
5.3.2 We recommend that potential project sites commission a fea-
sibility study prior to beginning a renewable thermal project 67
5.3.3 We recommend that the DOER strongly suggest or make it a
requirement of their grant program that renewable thermal project
sites commission a feasibility study prior to beginning a renew-
able thermal project . . . . . . . . . . . . . . . . . . . . . . . . 68
5.3.4 We recommend that the DOER provide funding to commission
a feasibility study that includes a comparison of multiple re-
newable thermal heating and cooling systems . . . . . . . . . 68
xi
5.3.5 We recommend that the DOER provide funding to commission
a feasibility study that compares different types of metering sys-
tems and their application in the project site before providing
funding to sites for metering systems . . . . . . . . . . . . . . 69
5.4 Recommendations Relating to Experienced Engineers and Contractors 69
5.4.1 We recommend that project sites work with engineering firms
and contractors that are familiar with renewable technologies 69
5.4.2 We recommend that the DOER provide a list of engineering firms
and contractors that are familiar with each type of renewable
thermal technology to each project site . . . . . . . . . . . . . 70
5.4.3 We recommend that there be investment in educating contrac-
tors and electricians in renewable thermal technology . . . . 70
5.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Bibliography 72
Appendices 77
Appendix 1: PowerWise Information . . . . . . . . . . . . . . . . . . . 77
Appendix 2: Example Case Study . . . . . . . . . . . . . . . . . . . . 79
Appendix 3: Interview Questions . . . . . . . . . . . . . . . . . . . . . 82
Appendix 4: On-site Information Gathering Guides . . . . . . . . . . 94
Appendix 5: Deliverables: Case Studies . . . . . . . . . . . . . . . . . 110
Appendix 6: Summative Assessment . . . . . . . . . . . . . . . . . . . 117
xii
L I S T O F F I G U R E S
Figure 1 Energy Consumption in the US (U.S. Energy Information Ad-
ministration, 2015) . . . . . . . . . . . . . . . . . . . . . . . . 5
Figure 2 Electric Power Sector Fuel Use in Massachusetts (EIA, 2013) 7
Figure 3 Solar Hot Water Heating System (Massachusetts DOER, 2015) 16
Figure 4 Geothermal Loop System (Massachusetts DOER, 2015) . . . 18
Figure 5 Biomass System (Massachusetts DOER, 2015) . . . . . . . . . 20
Figure 6 Air Source Heat Pumps (Massachusetts DOER, 2015) . . . . 22
Figure 7 Amherst College Bunker Building . . . . . . . . . . . . . . . 34
Figure 8 Amherst College New Boiler Building . . . . . . . . . . . . . 36
Figure 9 Silo at Amherst College . . . . . . . . . . . . . . . . . . . . . 37
Figure 10 Froling Boilers at the Amherst College Bunker Building . . 39
Figure 11 Aerial View of the Southern Berkshire Regional School . . . 41
Figure 12 Veissman Boilers at Southern Berkshire Regional School . . 44
Figure 13 Thermal Storage Tank at Southern Berkshire Regional School 45
Figure 14 Duplex at the Sudbury Public Housing Development . . . . 47
Figure 15 ASHP’s at Sudbury Public Housing Development . . . . . . 48
Figure 16 Indoor ASHP vent at Sudbury Public Housing Development 49
xiii
L I S T O F TA B L E S
Table 1 Energy Use in a Residential Building Energy Use in a Residen-
tial Building (Rezaie, 2013) . . . . . . . . . . . . . . . . . . . . 9
xiv
1
I N T R O D U C T I O N
Industrialized nations have relied on fossil fuels as the main fuel for electric-
ity, transportation, and industry since the Industrial Revolution. The use of fos-
sil fuels is both harmful to the environment and unsustainable, as it is linked to
many problems worldwide such as greenhouse gas emissions which cause cli-
mate change and health issues such as cancer and respiratory problems (Ecotric-
ity, 2011; Sharfiee, & Topal, 2009). Climate change from greenhouse gas emis-
sions in turn leads to the melting of polar ice caps, rising sea levels, and changes
of localized climate patterns (Samimi, & Zarinabade, 2012; Holdren, 2000). Fur-
thermore, the earth’s fossil fuel resources may be depleted by the end of the cen-
tury (Ecotricity, 2011; Sharfiee, & Topal, 2009).
The U.S. obtains more than 80% of its energy from fossil fuels such as oil ,
coal, and natural gas, which means that with an increase in energy use comes
an increase in greenhouse gas emissions (The National Academies, 2015). Build-
ings are now the largest sector of energy use, ahead of both industry and trans-
portation, accounting for 41% of all energy used in the U.S. (USGBC, 2015; Perez-
Lombard, 2008). Furthermore, buildings are responsible for 50% of the green-
house gas emissions in developed countries, such as the U.S. (Rezaie, 2013). Pub-
lic buildings specifically are large energy consumers because they are used by
many people, are large in size, and operate frequently. Furthermore, public build-
ings are sometimes reliant on costly #2 heating oil which emits the most green-
house gas emissions of any heating source (DOER, 2015). The U.S. views the
use of renewable resources as a potential solution to the problem of fossil fuel
dependence and the negative consequences that are associated (EIA, 2015). For
these reasons, buildings have become a primary focus for reduction of energy
consumption and for renewable energy implementation.
The Commonwealth of Massachusetts is working towards using renewable
resources to address the issue of greenhouse gas emissions caused by fossil fuel
use. In a legislative effort to reduce the use of fossil fuels in the Commonwealth
of Massachusetts, the Global Warming Solutions Act (GWSA) was enacted in Au-
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gust of 2008. The GWSA created a framework for reducing heat-trapping emis-
sions to levels that scientists believe gives humanity a chance of avoiding the
worst effects of global warming. Pursuant to the GWSA, all sectors of the econ-
omy must reach a target of a 25% reduction of Greenhouse Gas (GHG) emissions
by 2020 and an 80% reduction by 2050 (EEA, 2015).
As a result of the GWSA, many programs exist regarding energy efficiency
and the use of renewable resources. For example, Mass Save (sponsored by the
investor-owned utility companies in the state) provides assistance to update old
buildings to be more energy efficient and use less fossil fuel by providing free
energy audits, LED light bulbs, air sealing, and financial incentives for adding
insulation. In addition, the Massachusetts Clean Energy Center (Mass CEC) has
offered grants for residential and commercial renewable thermal systems and
district energy configurations, where one renewable heating/cooling source pro-
vides energy for multiple facilities arranged in a complex. The Department of
Energy Resources (DOER) has implemented various programs that provide fund-
ing and guidance to project sites looking to implement renewable energy sys-
tems in buildings (Mass Department of Energy Resources, 2015). One DOER pro-
gram is the Renewable Thermal Program, which provides technical assistance
and grant funding to municipalities. Included in this program is the Schools
and Public Housing Integrating Renewables and Efficiency Program (SAPHIRE),
which focuses specifically on providing dedicated technical assistance and grant
funding to K-12 public schools and public housing developments (Mass Depart-
ment of Energy Resources, 2015).
These programs had made great strides toward reducing fossil fuel use in
the Commonwealth, but were lacking an evaluation and explanation of existing
project processes. Evaluations and explanations of renewable thermal project
processes would allow for future improvement while also providing informa-
tion necessary to promote the DOER’s programs (DOER, 2015). The goal of our
project was to support the DOER’s commitment to reducing greenhouse gas
emissions in the Commonwealth of Massachusetts by evaluating three renewable
thermal pilot projects to investigate ways to improve and promote the installa-
tion of renewable thermal heating and cooling systems.
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In order to achieve this goal, we completed the following three research objec-
tives to produce case studies to evaluate pilot renewable thermal programs:
1. Identify the questions and concerns past project site leaders have had when
considering implementing a renewable thermal project.
2. Determine project implementation processes and challenges of renewable
thermal projects.
3. Determine how these renewable thermal projects are performing in regards
to cost and energy usage.
The three projects we focused on when completing these objectives and produc-
ing our deliverables were:
• Amherst College Bunker Building: Installed biomass pellet boilers. The project
was funded partially by the Mass CEC Pilot, and has been operational
since April 2015.
• Southern Berkshire Regional School: Installed biomass pellet boilers. The project
was funded partially by SAPHIRE and the MSBA, and will be operational
as of October 2015.
• Sudbury Public Housing Development: Installed Air source heat pumps. The
project was funded entirely by the SAPHIRE program and has been opera-
tional since January 2015.
It is our hope that the case studies we produced on these three DOER renew-
able thermal projects will enable the DOER to determine where their projects are
succeeding in terms of both process and technology performance, and provide
information on how these projects can be improved in the future. These case
studies may also act as a powerful source of clarifying information for potential
renewable thermal project site leaders when considering the implementation of a
renewable energy heating system. It is our intention that these case studies will
instill confidence among potential project site leaders regarding these renewable
technologies and therefore expand the number of these projects. By increasing
both the number and effectiveness of these projects, the DOER will be able to de-
crease fossil fuel use and greenhouse gas emissions within the Commonwealth
of Massachusetts.
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2
B A C K G R O U N D A N D L I T E R AT U R E R E V I E W
In this chapter we will provide contextual information on the issue of fos-
sil fuel dependence as well as the application of renewable energy sources in
public buildings in the U.S. This chapter also includes an explanation and com-
parison of different renewable energy types to provide background on existing
and emerging technologies for thermal heating and cooling and their respective
advantages. Additionally, information on how the Commonwealth’s energy re-
sources and regulations factor into the success of the DOER’s renewable thermal
project sites is provided.
2.1 fossil fuel dependence and its consequences
The United States has depended on non-renewable resources as a source of
power since the 1800’s when oil and coal were discovered to be more energy
dense than wood (Samimi, & Zarinabadi, 2012, WaitButWhy, 2015). Figure 1
represents the percentages of the total energy consumed in the United States.
More than 80% of the total energy consumed by the country comes from a non-
renewable source of energy (U.S. Energy Information Administration, 2015).
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Figure 1: Energy Consumption in the US (U.S. Energy Information Administra-
tion, 2015)
These sources are limited and are damaging to public health and the envi-
ronment. The use of fossil fuels is a threat to public health due to the effects
that greenhouse gas emissions and other pollutants can have (Haines, Kovats,
Campbell-Lendrum, & Corvaln, 2006). The pollution caused by fossil fuels is di-
rectly related to health problems such as asthma, ischemic heart disease, chronic
bronchitis, cancers, and increasing mortality rate, among others (Rabl & Spadaro,
2000; Kampa, & Castanas, 2008). The use of fossil fuels is responsible for 76% of
the total greenhouse gas emissions released by the United States. Greenhouse
gases create a layer around the Earth that keeps solar radiation within the atmo-
sphere in order to keep the Earth’s average temperature suitable for life (Samimi,
& Zarinabadi, 2012). As the concentration of greenhouse gasses in the atmo-
sphere grows, the gasses will keep more solar radiation and warmth inside the
atmosphere, elevating the average temperature of the Earth (Samimi, & Zarin-
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abadi, 2012). This temperature change can lead to catastrophic climate changes
in the world such as the melting of the ice poles, sea level rise, and others (U.S.
National Climate Assessment, 2014).
Greenhouse gasses are not the only detriment from the pollution that burn-
ing fossil fuels produces. Acid rain is directly linked to fossil fuels due to the
sulfur dioxide and nitrogen oxides that power plants release when burning fossil
fuels (U.S. Environmental Protection Agency, 2012). Acid rain negatively affects
the biodiversity of our planet by changing the pH of water and acidifying soils
(Likens, 2011). A recent survey in the Northeast of the United States showed that
41% of lakes in the Adirondack Mountain region are acidic or subject to short-
term pulses in acidity related to snowmelt and rain storms. Similarly, the same
characteristics were found in 15% of the lakes in the areas of Catskill and New
England (Likens, 2011).
Fossil fuels also damage the environment through accidents such as oil spills.
Oil spills affect a great variety of animals, both in the ocean and in surrounding
areas (Office of Response and Restoration, 2015). Light oils such as gasoline or
diesel are highly explosive and toxic, therefore they can kill animals and plants
that they touch and can also affect human beings who inhale the fumes. Heavy
oils are black and sticky substances commonly used to fuel ships. In the short
term these oils can cover organisms affecting their mobility and can also affect
their ability to keep warm; many birds die from hypothermia due to these oil
spills (Office of Response and Restoration, 2015). In the long run, exposure to
heavy oils might result in health problems such as tumors in organisms (Office
of Response and Restoration, 2015).
In addition to the use of oil, the use of natural gas has negative consequences.
Hydraulic fracturing (also known as fracking) is a natural gas harvesting pro-
cess that uses large quantities of water to fracture the earth and release gas. In
fact, annual water consumption by fracking is equivalent to the annual water
consumption of 40 to 80 cities with populations of 50,000 each (Gold, 2014). Fig-
ure 2 illustrates how natural gas use in Massachusetts has grown while coal and
oil use have declined. While not harvested in Massachusetts, the increased use of
natural gas results in increased fracking in other areas of the country to keep up
with the increasing demand.
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Figure 2: Electric Power Sector Fuel Use in Massachusetts (EIA, 2013)
The use of fossil fuels is damaging the world in multiple ways, and as the
world needs more energy, the pollutants derived from the use of fossil fuels in-
crease. The U.S. Energy Information Administration has projected that the world’s
energy consumption will increase by 56% by 2040 (Samimi, & Zarinabadi, 2012).
Increasingly, buildings are becoming a large portion of this energy consumption
and are thus an area for concern (Rezaie, 2013).
2.2 energy use of the buildings sector
Buildings contribute greatly to our greenhouse gas emissions. In developed
countries, 50% of the CO2 emissions and 40% of the energy consumption can
be attributed to buildings (Rezaie, 2013). Because of the development of more
buildings and their increased energy use, buildings are now the largest sector
of energy use, drawing more than the transportation and industrial sectors in
most developed countries (EIA, 2015). The United States is one of the countries
with the highest building energy use rates, consuming 41% of the country’s total
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energy, while the EU and the rest of the world use less energy in buildings at
37% and 24% respectively (EIA, 2014; Perez-Lombard, 2008).
There are many factors contributing to the increased energy use in build-
ings within industrialized nations. Use of computers and other office equipment
drives up the electricity consumption along with lighting, heating, and cooling
(Spyropoulos, 2011). As people spend more and more time inside, working, tak-
ing classes, etc., the cost of powering those buildings increases (Perez-Lombard,
2008). Office buildings particularly, running mainframes and powering comput-
ers for all employees, are drawing increasingly more power (Eichholtz, 2010). En-
ergy consumption due to lighting has also gone up in recent years, although this
consumption is predicted to decrease in the near future because of the expected
adoption of efficient Compact Fluorescent Lamps (CFLs) and LED lighting with
sophisticated controls (Spyropoulos, 2011).
Heating and cooling have large energy demands in most buildings and are
becoming more necessary with the amount of time people have been spending
indoors. In an energy audit of school buildings in Italy, thermal consumption
was 80% of the energy consumed (Desideri, 2002). This is not uncommon: in the
average Massachusetts household, thermal energy use represents about 75% of
the energy consumption with space heating the biggest component (60%) (EIA,
2015).
With buildings using large amounts of energy, especially for heating and
cooling, many alternative and renewable energy options have been researched to
decrease the use of fossil fuels for energy use and buildings. Data from one case
study in Ontario, presented in Table 1, shows the distribution of different draws
of energy in a typical residential building as well as common sources of energy
for them. The rightmost column in Table 1 shows possible alternative and renew-
able energy sources that can improve the energy efficiency of the building and
decrease the use of fossil fuels. Appliances, lighting, and other can use electricity
generated on site by any solar, wind, or other renewable sources.
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Table 1: Energy Use in a Residential Building Energy Use in a Residential Build-
ing (Rezaie, 2013)
Energy Draw Amount of Energy Common Sources Alternate Technologies
Space heating and
cooling
55% Heating oil, coal,
propane, electricity,
natural gas
Biomass, solar thermal,
geothermal, air & water
source heat pumps
Hot water heating 20% Heating oil, coal,
propane, electricity,
natural gas
Solar thermal, biomass,
heat pumps
Lighting 5% Electricity generated
at power plants using
natural gas, coal, or
nuclear
Electricity generated by
wind, solar, photovoltaic,
wood, geothermal for
electricity generation
Appliances 15% Electricity generated
at power plants using
natural gas, coal, or
nuclear
Electricity generated by
wind, solar, photovoltaic,
wood, geothermal for
electricity generation
Other 5% Electricity generated
at power plants using
natural gas, coal, or
nuclear
Electricity generated by
wind, solar, photovoltaic,
wood, geothermal for
electricity generation
Heating, ventilating, and air conditioning (HVAC) systems have the largest
demand of energy in buildings, consuming on average 50% of a building’s en-
ergy (Perez-Lombard, 2008). The energy use in buildings by heating and cooling
systems will continue to increase as industrialized nations build more and big-
ger buildings, although improvements in energy efficiency and smarter building
design may be able to mitigate this increase in heating and cooling energy use
(Perez-Lombard, 2008). Additionally, older buildings with very low energy effi-
ciency use much more energy in heating and cooling than they otherwise would
if newer technologies were used in the buildings (Krawcyzk, 2014). With HVAC
being the largest sector of energy use within buildings, which is the largest sec-
tor of energy consumption in the developed world, it’s clear that heating and
cooling in buildings is a huge target for improvement.
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2.3 transitioning between fossil fuels and renewable energy
One of the potential solutions to the problem of fossil fuel dependence and
the harm they have on the environment and public health is the use of renewable
energy. The Oxford Dictionary defines renewable energy as energy from a source
that is not depleted when used. With a growing population and increase in en-
ergy demand, the use of renewable energy is intended to promote a sustainable
future without large adverse effects on the environment (Samimi, & Zarinabadi,
2012). The transition from fossil fuels to renewables is certainly a complex pro-
cess requiring the involvement and consideration of many groups and factors.
Some of the aspects that impact this transition from fossil fuels to renewable re-
sources include public opinion, overall cost, regulatory incentives and disincen-
tives, any kind of performance metering that may be desired or required, and
potential obstacles (EEA, 2015).
2.3.1 Public Opinion on Renewable Energy Systems
When implementing a public project with renewable energy, the sponsor
needs to take into consideration the public’s view of the project. If the project
is not socially accepted, it has a higher likelihood of failing. If the public accepts
the program, sponsors like the Department of Energy Resources (DOER) will
be able to provide grant money and expand the reach of their renewable energy
programs.
One reason why the public might not accept the implementation of renew-
able heating and cooling systems in buildings is the uncertainty as to whether
or not renewables are able to maintain climate control as well as current energy
sources. The reason for this is twofold: people are often unaware of how these
new technologies work because of how recently they have been brought to the
energy market, and even if they are familiar with the technologies they often
do not trust the systems until they’ve seen them in use themselves (Karlstrom,
Ryghaug, 2014).
Consequently, potential project leaders can change the negative assumptions
the public in their community has about renewable technologies by removing the
knowledge deficit (Brunk, 2006). This deficit in knowledge could be reduced by
education or persuasive communication, where the sponsor can help the public
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understand that renewable technologies not only perform as well as current en-
ergy resources, but also reduce greenhouse gas emissions and do not harm our
environment (Brunk, 2006). Studies have shown that the public support for re-
newable resources increases if they are given thorough information about the
pros and cons of the implementation of these technologies (Ogarra, Mourato,
and Pearson 2005). The community understanding and supporting the technol-
ogy does not guarantee that the project will succeed though. They may support
the technology, but not the way it’s proposed to be implemented, or the cost or
timing of the project. But with community support for the technology, the details
of the project can then be worked out to maximize support for the project.
Public opinions tend to become more positive once a project is implemented
and people understand the economic benefits (Karlstrom, Ryghaug, 2014). One
way to address the knowledge deficit after project implementation is through
educational programs, such as kiosks at the location of the project or webpages.
The Ferrisburgh Solar Farm, which was built in Vermont, is a 3,806 solar panel
system, installed by REV Corporate Member Alteris Renewables (Renewable En-
ergy Success Stories, 2015). After the implementation of this project, the Solar
Farm created an open-to-the-public educational kiosk where they provide the in-
formation about the benefits of the project. They also published a website on the
internet that tracks the solar energy output of their farm (Renewable Energy Suc-
cess Stories, 2015). If the public comes to understand how renewable technolo-
gies work, they may begin to support more renewable energy projects, which
would aid in their community’s transition away from fossil fuels and toward re-
newable energy sources.
2.3.2 Cost and Pricing of Renewable Energy Systems
Making the choice to switch to renewable resources is just like many other
long term investments. The upfront cost is high, but in the long term it will save
money. For example: buying a car is a long term investment where generally
the longer you keep the car, the more value you get out of the investment, but
if you only look at the short term, leasing may be more cost effective. Installing
renewable energy systems can pose a large upfront cost, but some renewable re-
sources have lower operating costs than fossil fuels and thus will save money in
the long term (BEAM Engineering, 2014; D.C. Architects, 2014; DOER, 2015; RDK
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Engineers, 2014; Wilson Engineering, 2015). In order to lighten the load of the
upfront initial cost, there are many government funds allocated to help renew-
able energy projects. Despite the effort toward incentivizing renewable energy
projects, the World Bank and International Energy Agency put global annual
subsidies for fossil fuels in the range of $100 billion to $200 billion, making re-
newable energy programs appear even more expensive by comparison (Beck &
Martinot, 2004).
Many different costs factor into the high upfront cost of installing a renew-
able thermal technology. The assessing of the property, permitting, and plan-
ning add to the upfront cost, as they must be completed by a contracted, qual-
ified, and well-experienced engineering firm (DOER, 2015). These renovations
can completely change a building’s heating and cooling system, which is an ex-
pensive change as well (Beck & Martinot, 2004). After all the preparatory work,
the actual renewable energy technologies need to be purchased, and they may
face high taxes and import duties (Beck & Martinot, 2004). Where renewable en-
ergy technologies excel is in the operations and fuel costs. For example, many re-
newable resources, such as solar, don’t require the purchase of fuel. Additionally,
once the system is operational, the maintenance costs of the system are often sim-
ilar to the costs associated with fossil fuel heating systems (BEAM Engineering,
2014; Wilson Engineering, 2015).
2.3.3 Performance Metering in Renewable Energy Systems
When considering the implementation of a renewable thermal project, multi-
ple stakeholders are interested in being provided with an accurate measurement
of cost savings (Massachusetts Department of Energy Resources, 2015). Addition-
ally, once a project has been completed many owners want to know exactly how
much money they are saving with their new installation. The way to obtain this
information is generally through performance metering technology. There are
multiple types of performance metering ranging from just looking at total energy
consumption per month, to monitoring each circuit in the building on a minute
by minute basis.
The Department of Energy Resources uses two metering systems for the in-
stallations that they fund: Mass Energy Insight and Energy Star Portfolio Man-
ager. These both only monitor the monthly power consumption, so they do not
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provide very detailed data on power usage. PowerWise is a metering tool that
the DOER has begun working with in order to close this gap. PowerWise con-
sists of hardware installed inside the electrical panels that communicates to an
online interface. This interface shows information relating to electricity use for
each major appliance including energy use and cost for varying time intervals
(i.e. monthly, weekly, daily) (DOER, 2015). For more information on PowerWise,
see Appendix 1.
2.3.4 Potential Obstacles in Transitioning to Renewable Energy Sources
In any implementation of renewable thermal systems, there are multiple
potential obstacles to be aware of. Many renewable energy programs focus on
projects in buildings where the fossil fuel systems are in disrepair or need be
replaced. Rather than simply replacing an oil boiler, for example, a renewable
energy project may require the implementation of a completely new heating and
cooling system. With a renovation this large, there are many problems that can
be encountered, including but not limited to: old electrical systems, asbestos,
and lead paint. These could cause logistical delays and can also result in a more
complex and expensive renovation (Massachusetts Department of Energy Re-
sources, 2015).
In addition, renewable systems such as wind turbines, rooftop solar hot-water
heaters, photovoltaic installations, and biomass combustion systems may face
restrictions based on parameters such as height, noise, and aesthetic concerns
(Beck & Martinot, 2004). These restrictions vary based on the implementation
site, so extensive background research is required before starting a renewable
energy project (Beck & Martinot, 2004).
2.4 massachusetts and energy efficiency/renewable energy programs
Despite the difficult process of transitioning to renewable energy systems,
Massachusetts is committed to increasing the use of renewable resources to de-
crease greenhouse gas emissions. Focusing on buildings with regards to energy
is especially important for Massachusetts because buildings account for 49% of
all energy consumed in the Commonwealth, compared to 41% nationally (EIA,
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2015). Ranked 5th with the most LEED certified buildings in the United States,
the Commonwealth of Massachusetts has become a leader in energy efficiency
and alternative/renewable energy use (USGBC, 2015). This success in LEED cer-
tifications is due in part to the many supportive energy efficiency and renew-
able energy grants, programs, and regulations in the Commonwealth of Mas-
sachusetts. An important part of Massachusetts’ efforts to promote the use of
renewable energy resources is the Green Communities Act of 2008.
The Green Communities Act prompted programs to boost energy efficiency
and encourage investment in renewable energy (Conservation Law Foundation,
2010). This act also requires utilities to increase investment in energy efficiency,
reducing demand and delivering savings to customers. The Green Communi-
ties Act mandates the design and implementation of three year energy efficiency
plans for gas and electric utilities, provides funding for energy efficiency projects,
and requires that 15% of all electricity be supplied by new renewable power facil-
ities by 2020 (Conservation Law Foundation, 2010).
With the Green Communities Act of 2008 legislation in place, funding and
guidelines became available for emerging energy efficiency and renewable en-
ergy programs to utilize. As a result, many programs within Massachusetts aim
to further the Commonwealth’s energy efficiency and renewable energy suc-
cesses. The Massachusetts Clean Energy Center (Mass CEC) is an agency that
was developed in 2009, immediately following the Green Communities Act. The
Mass CEC is dedicated to accelerating the success of clean energy technology
through providing funding for renewable energy rebates for residents and busi-
nesses (Mass CEC, 2015). Another important agency for the progression of en-
ergy efficiency and renewable resources is the Massachusetts School Building
Authority (MSBA). The MSBA has started sustainable programs with emphasis
on reducing energy and water consumption (MSBA, 2011). The MSBA also uti-
lizes the MA Collaborative point system to assess potential projects in high per-
formance schools and how much, if any, funding they will provide to aid these
projects (MSBA, 2011). This Green Schools program under the MSBA pays a
percentage of the total cost to renovate schools that wish to increase energy ef-
ficiency and/or install a renewable energy heating and cooling system (MSBA,
2011).
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2.4.1 Specific Energy Efficiency/Renewable Energy Programs in Buildings
There are many building focused energy programs within the Commonwealth
of Massachusetts. For example, the Building America: Bringing Buildings Inno-
vations to Market program focuses on improving building energy performance
in residences all over the country; however, it has a concentrated focus on the
Commonwealth of Massachusetts due to the Commonwealth’s energy programs
and legislation (EERE, 2015). Another similar program with large focus in Mas-
sachusetts is Better Building Partners, a program that works with communities
to promote energy efficiency in homes and other buildings. In order to achieve
these goals, the program works with city and statewide partners (EERE, 2015).
2.4.2 DOER’s Renewable Thermal Programs
Among the different programs for the implementation of renewable resources
offered in Massachusetts are the focuses of our project: the DOER’s Renewable
Thermal Program and the Schools and Public Housing Integrating Renewables
Efficiency (SAPHIRE) Program. The goal of these DOER programs is to help mu-
nicipalities, schools, and public housing initiatives install renewable heating and
cooling systems across the Commonwealth (Massachusetts Department of En-
ergy Resources, 2015). The programs have begun to reach their goal of imple-
menting renewable thermal heating and cooling systems in different types of
buildings.
The DOER’s Renewable Thermal Program and SAPHIRE Program focus
mainly on public buildings for a few reasons. The first is that the programs are
using government funding, so it makes logical sense to use these resources to im-
prove public resources and decrease the expenses of public facilities. The second
reason is that public buildings require a lot of energy: 49% of all energy in Mas-
sachusetts. Public buildings are often relatively large in size, and thus consume
a lot of energy for heating and cooling. Lastly, even if individuals change their
residences to use renewable energy for heating and cooling, a community won’t
be completely sustainable until the public resources are addressed, which is the
responsibility of the government (Office of Energy Efficiency and Renewable En-
ergy, 2015).
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2.5 renewable energy technologies
Renewable energy is a potential solution to the use of fossil fuels, specifically
in public buildings. There are multiple renewable sources of energy in the mar-
ket used to generate either electricity (measured in kilowatt hours (kWh)) or
heating energy (measured in British Thermal Units (BTUs)). With the relatively
high consumption of BTUs in buildings in the Northeast, the DOER has devel-
oped incentive programs to support renewable sources of heating and cooling:
solar thermal, geothermal, biomass and most recently, air source heat pumps.
In this section, we will provide a description of each renewable energy technol-
ogy as well as its advantages and disadvantages. Since the scope of our project
is within Massachusetts, we will provide relevant information on these technolo-
gies with regards to their application in the Commonwealth of Massachusetts.
2.5.1 Solar Thermal
A solar thermal system consists of panels that absorb the energy of the sun to
heat pipes with water (or another liquid) that then will heat the building spaces
or provide hot water heating (as seen in Figure 3) (Massachusetts Department of
Energy Resources, 2015).
Figure 3: Solar Hot Water Heating System (Massachusetts DOER, 2015)
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Solar thermal systems differ from solar photovoltaic (PV) systems in that they
generate thermal energy instead of electricity. Solar thermal systems have multi-
ple advantages and disadvantages related to the use and installation, which are
important to consider in order to understand when and where this solar thermal
system might be applicable and efficient. Below we provide a summary of the
advantages and disadvantages of using a solar thermal system.
Advantages of a Solar Thermal System include:
• The ability to heat liquids such as water that then can be used for showers,
pools and laundry (Massachusetts Department of Energy Resources, 2015).
• The ability to be installed in such way that it will integrate with the HVAC
system and provide space heating (Massachusetts Department of Energy
Resources, 2015).
• The capacity to provide between 50-75% of the total building’s hot wa-
ter needs (depending on roof exposure, weather, and system size) (Mas-
sachusetts Department of Energy Resources, 2015).
• The ability to store energy for when the sun sets and is able to provide
some energy during cloudy days (Massachusetts Department of Energy
Resources, 2015).
• The low price after incentives save customers up to 50% of the cost of the
system through the Commonwealth Solar Hot Water Rebate program and
the 0% interest HEAT loans available through Mass SAVE (Massachusetts
Department of Energy Resources, 2015).
Disadvantages of a Solar Thermal System include:
• The inability to be used as the only source of power to meet the base load
energy demand of a building (Massachusetts Department of Energy Re-
sources, 2015).
• The potential to emit some greenhouse gases such as nitrogen trifluroide
and sulfur hexafluoride (Maehlum, M. A., 2014).
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2.5.2 Geothermal Heating and Cooling
A geothermal system consists of pipes placed around 300-900 feet under-
ground that carry water via either a closed-loop or open-loop configuration (Mas-
sachusetts Department of Energy Resources, 2015). In the winter, the water ab-
sorbs the underground heat, as the temperature under the surface of the Earth is
a relatively consistent 50 degrees Fahrenheit (Massachusetts Department of En-
ergy Resources, 2015). This process can be reversed in the summer. Indoor heat
is extracted from the building and transferred to the earth through the liquid
(Massachusetts Department of Energy Resources, 2015). Geothermal heat pumps
are 3.5 - 5 times as efficient as the most efficient fossil fuel furnace. Instead of
burning a combustible fuel to make heat, they simply move heat that already
exists. By doing so, they provide 3.5 - 5 units of energy for every unit used to
power the heat-pump system (Massachusetts Department of Energy Resources,
2015). Figure 4 is a graphic representation of how a geothermal system operates.
Figure 4: Geothermal Loop System (Massachusetts DOER, 2015)
The following list shows the advantages and disadvantages of the use and/or
installation of Geothermal heating systems.
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Advantages of a Geothermal Heating System include:
• The ability to provide heat during the winter since the temperature in the
Earth will be constant and warmer than the outside air (Massachusetts De-
partment of Energy Resources, 2015).
• The ability to cool in the summer by reversing the process and extracting
indoor heat from the building and transferring it to the earth through the
liquid (Massachusetts Department of Energy Resources, 2015).
• That the system lasts for at least 25 years and all the underground com-
ponents last for more than 50 years (Massachusetts Department of Energy
Resources, 2015).
• That the properly installed system can deliver more energy than conven-
tional heating systems, reduce winter costs of heating by half, and heat
water for free during the summer (Massachusetts Department of Energy
Resources, 2015).
• That there are multiple financing programs and incentives available across
the country and especially in Massachusetts through the Department of En-
ergy Resources’ programs (Massachusetts Department of Energy Resources,
2015).
Disadvantages of a Geothermal Heating System include:
• That there is a large upfront installation cost associated with geothermal
systems (Massachusetts Department of Energy Resources, 2015).
• That geothermal systems’ efficiency can also be very location and geology
dependent, which means that in some cases they might not be cost effective
(Maehlum, 2014).
2.5.3 Biomass
Biomass is a technology that produces energy by burning organic materials.
This method is mainly used in buildings to heat the indoor environment or wa-
ter (Massachusetts Department of Energy Resources, 2015). Figure 5 is a graphic
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representation of a wood fueled heating system; in these systems not only logs
of wood can be used, but also wood chips and pellets that are more efficient at
heating the building and require less storage space (Massachusetts Department
of Energy Resources, 2015).
Figure 5: Biomass System (Massachusetts DOER, 2015)
Biomass systems have a variety of positive and negative characteristics re-
lated to their use and installation.
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Advantages of a Biomass System include:
• That it strengthens the market for locally-sourced energy products, particu-
larly when biomass is produced from waste and residual woods which are
byproducts of forestry and manufacturing within the region. This supports
the local clean energy economy and job growth (Massachusetts Department
of Energy Resources, 2015).
• That the low carbon emissions are very suitable for woodlands (Massachusetts
Department of Energy Resources, 2015).
• That most conventional systems are fully automated making them easy
to operate and maintain (Massachusetts Department of Energy Resources,
2015).
• That the cost of wood is generally cheaper than the conventional sources of
energy such as oil, propane, and electric heat (Massachusetts Department
of Energy Resources, 2015).
Disadvantages of a Biomass System include:
• That it can actually contribute to deforestation if used incorrectly (Mas-
sachusetts Department of Energy Resources, 2015).
• That it requires a rather large space for storage of the biomass supply. Usu-
ally several weeks supply is stored on site, sometimes in 20-foot tall silos
(Massachusetts Department of Energy Resources, 2015).
• That the cost of acquiring a completely new heating system can be higher
when compared to conventional fossil fuel heating systems (Massachusetts
Department of Energy Resources, 2015).
2.5.4 Air Source Heat Pumps
An air source heat pump system consists of an outdoor air compressor/condenser
and an indoor air-handling unit. This system is able to heat and cool air by trans-
ferring inside and outside air and cooling or heating it through pipes. A mini-
split system consists of one air compressor and multiple smaller, indoor air-handling
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units (Massachusetts Department of Energy Resources, 2015). Figure 6 shows
how air source heat pump systems function in winter and summer.
Figure 6: Air Source Heat Pumps (Massachusetts DOER, 2015)
An Air source heat pump system is a very versatile and affordable system
but there are certain conditions that must be met in order to make it efficient.
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Advantages of an Air Source Heat Pump include:
• That it can be powered by electricity obtained from solar panels making
them energy efficient and clean (Massachusetts Department of Energy Re-
sources, 2015).
• That a ductless mini-split system is a great add-on for non-ducted houses
(Houses that don’t have hot water heat systems, radiant panels or space
heaters) (Massachusetts Department of Energy Resources, 2015).
• That mini-split systems are small and have great flexibility on installation
for zoning or heating/cooling individual rooms (Massachusetts Depart-
ment of Energy Resources, 2015).
• That it has low installation costs while still being environmentally friendly
(U.S. Department of Energy, 2001).
Disadvantages of an Air Source Heat Pump include:
• The fact that it needs regular maintenance (every 2-6 months) including
inspecting ducts and lubricating motors (U.S. Department of Energy, 2012).
– That a severely neglected system will have a lower efficiency by a
range of 10-25% (U.S. Department of Energy, 2001).
• That there can be many installation and service problems such as leaks in
ducts, low airflow, and incorrect refrigerant charge (U.S. Department of
Energy, 2001).
2.6 summary
Industrialized nations’ dependence on fossil fuels is unsustainable, damages
the environment, and is a threat to public health. Buildings are the largest sector
of energy consumption both nationally and in Massachusetts, and heating and
cooling account for 50% of energy consumption within the building energy con-
sumption sector nationally. Consequently, a variety of programs and legislation
have been established in Massachusetts that provide funding for and encourage
the installation of renewable energy sources to reduce the dependence on fos-
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sil fuels. Our sponsor, the Department of Energy Resources, created the DOER
Renewable Thermal Program and SAPHIRE, that focus on the installation of re-
newable thermal heating and cooling systems in different types of buildings. The
DOER’s renewable thermal programs lack complete narratives explaining the
full details and hurdles along the process to implementing a renewable thermal
system. This information can help the DOER improve their own program and
promote further installations of renewable thermal technologies.
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3
M E T H O D O L O G Y
The goal of our project was to support the DOER’s commitment to reducing
greenhouse gas emissions in the Commonwealth of Massachusetts by evaluating
three renewable thermal pilot projects to investigate ways to improve and pro-
mote the installation of renewable thermal heating and cooling systems. In order
to achieve this goal, we completed the following three research objectives.
1. Identify the questions and concerns past project site leaders have had when
considering implementing a renewable thermal project.
2. Determine project implementation processes and challenges of renewable
thermal projects.
3. Determine how these renewable thermal projects are performing in regards
to cost and energy usage.
Once this goal was completed, we used the information gathered in the ob-
jectives above to produce our deliverables: a set of three case studies that explain
the project process and lessons learned from each project site we studied.
3.1 renewable thermal project site information
We focused on three existing DOER renewable thermal projects to develop
case studies that will act as promotional material for the DOER and informa-
tional material for potential project site leaders. These case studies serve as the
basis for a methodological approach that can be used provide potential project
sites with information from all aspects of previously completed renewable ther-
mal project. These three projects were chosen as the focus of this project because
they encompass a variety of the types of projects the DOER oversees. While all
three project sites utilize renewable thermal heating and cooling, the sites utilize
different renewable thermal technologies. Two of our three projects are schools
that involve biomass boiler systems at different stages of implementation and
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span three government funding programs. The third project is a public housing
development utilizing air source heat pumps. These three sites are described in
the following sections.
3.1.1 Amherst College Bunker Building - Biomass Pellet Heating
Amherst College has had a biomass pellet heating system in operation since
April 2015. This project was done through the Renewable Thermal Program at
the DOER. Our sponsor chose this project to be a focus as the biomass heating
system has been in operation for half a year and can provide a tangible compari-
son between pre and post implementation cost and energy usage.
3.1.2 Southern Berkshire Regional School - Biomass Pellet Heating
The Southern Berkshire Regional School District project was funded under
the SAPHIRE Program and began construction during Summer 2015. The con-
struction was not completed by the time we created the case studies, so post
project implementation data could not be obtained. It was therefore used as a
reference to understand the process of planning, designing, acquisition, and in-
stallation of these biomass systems. This site illustrates setbacks that can occur in
the construction process as well as the solutions to the problems these setbacks
can cause.
3.1.3 Sudbury Public Housing Development - Air-Source Heat Pumps
The Sudbury Housing Development is a low income housing development
that has had air source heat pumps installed in four pilot units. This project was
funded by the SAPHIRE Program. This project was chosen as a focus due to the
use of air source heat pumps, a fairly new technology in New England. This
project also illustrates challenges relating to metering and data collection.
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3.2 objective #1 : identifying concerns of past project site leaders
Our first objective was to identify the questions and concerns past project site
leaders, including but not limited to school superintendents, housing develop-
ment directors, department of housing representatives, school facilities managers,
and grant coordinators at the three case study sites have had when considering
implementing a DOER renewable thermal project. In order to answer these ques-
tions and provide summative information in the case studies we produced, we
first needed to understand what questions and concerns were involved in the
decision of whether or not and how to implement a DOER renewable thermal
project.
3.2.1 Consulting the Sponsor
In order to determine which metrics we would use when gathering informa-
tion at each project site we interviewed our sponsor about the questions onsite
stakeholders and project site leaders including town officials, school adminis-
tration, and housing managers have asked when considering implementing a
DOER renewable thermal program in their communities. The Department of En-
ergy Resources has worked with the leaders of several communities each consid-
ering different renewable thermal technologies in different applications. Through
this work, the DOER has likely encountered many questions and concerns that
individuals in the communities have had during the project process.
3.2.2 Consulting Onsite Stakeholders
We interviewed onsite stakeholders and project leaders of the sites we stud-
ied, including but not limited to maintenance faculty, building administrators,
and town officials about questions, concerns, and doubts they had when begin-
ning the projects as well as comments they have now that the projects have been
completed. In order to produce interview questions and interview methods for
the onsite stakeholders and project leaders, we utilized the information gathered
from our interview with our sponsor to define categories for interview questions
and compiled these in our information gathering guide, found in Appendix 4.
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These categories included cost, maintenance, aesthetics, feasibility, and commu-
nity acceptance, among others. Once we determined these categories, we drafted
interview questions to provide a full understanding of how each large category
played into the project process. These interview questions were created taking
into consideration the information that was presented to each site in the feasibil-
ity studies, as the nature of a feasibility study is to provide a full explanation of
a potential project at each specific location. We also took into consideration the
experience we had when on a site visit to a potential new project for the DOER,
Petersham Center Elementary School, where we were able to directly see how
the pre implementation process works and talk with the representative of the
school in charge of the renewable project. After drafting interview questions, we
created on-site information gathering guides to act as checklists for each project
site to ensure we gathered information addressing each interview question we
had created.
Before each interview, we provided the interviewee with an informed consent
form which explained that their identities would be kept confidential and that
the information they provided us would be used when producing the case stud-
ies for each site. We also asked each interviewee if we could record the audio for
the interview to allow us to create an accurate interview transcript to analyze.
The interviewees for each site are as follows:
• At Amherst College we interviewed an individual who worked closely
with the project design process and works closely with maintaining the
biomass boilers now that they are in operation. We chose to speak with
him/her since he/she is very familiar with the project process and works
closely with maintenance of the system.
• For Southern Berkshire Regional School District, we interviewed two indi-
viduals who worked very closely with acquiring the grants from the DOER
as well as communicating with the contractors prior to project implemen-
tation. These individuals continue to play large roles in ensuring the con-
struction of the project is going well.
• At the Sudbury Public Housing Development we spoke with five individ-
uals. One individual we spoke with worked very closely with the DOER
grant process and the PowerWise metering system. The second individual
we spoke with works very closely with the housing development and its
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day-to-day operation. The other three individuals we spoke with are ten-
ants of the housing development. We asked these individuals questions
about their thought processes in both deciding to move forward with the
program as well as when making decisions and adapting to new situations,
such as unexpected obstacles during the the construction phase.
Once we interviewed both the onsite stakeholders and our sponsor, we cre-
ated interview transcripts from the interview recordings and applied codes to
the transcripts in order to identify topics to focus on in our case studies such as
cost, aesthetics, feasibility, and energy performance. This information gave us
further insight into the information people considering similar projects may find
useful. It also provided us with qualitative data about how the project has been
performing since implementation. These are the people that are in direct contact
with the renewable heating and cooling systems, and in some cases, deal with
the maintenance of the systems. They were able to provide insight into mainte-
nance costs, time commitment, and feasibility. The full list of interview questions
and on-site information guides can be found in Appendices 3 and 4 respectively.
3.3 objective #2 : determining project implementation processes and
challenges of renewable thermal projects
Our second objective was to determine project implementation processes and
challenges of renewable thermal projects. The application of renewable resources
in buildings such as schools and public housing initiatives is relatively new in
Massachusetts (DOER, 2015). Because of this, we found it important to produce
an explanation of the entirety of the project process including decisions and how
they were made, incentives and assistance that were provided, and any barriers
encountered and how they were overcome. It is the hope that this information
will allow for a better understanding within the public of these new technologies
and the best practices associated.
In order to achieve this objective, we consulted those who were/are in charge
of each site in regards to the DOER renewable thermal programs. The list of who
we interviewed and the reasoning behind our choices can be found in the previ-
ous objective. The full list of interview questions and on-site information guides
can be found in Appendices 3 and 4 respectively. This information acted as an-
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other addition to the information we compiled when creating the case studies of
the three locations.
3.4 objective #3 : determining renewable thermal project performance
Our third objective was to determine how these renewable thermal projects
are performing in regards to cost and energy usage. When producing these case
studies, we desired quantitative data to illustrate the status of the project. In an
effort to achieve this goal, we attempted to gather information from utility bills
and projected values from feasibility studies as well as utilized existing energy
auditing tools to collect and categorize numerical data from each project site.
3.4.1 Data Collection and Analysis
In order to produce the evaluation of quantitative data necessary for the case
studies, we attempted to gather quantitative data from each of the three project
sites, listed below.
• At Amherst College, we collected quantitative data regarding project per-
formance partially from utility bills and partially from the interviews with
the individual who works closely with the maintenance of the boilers.
• For the Southern Berkshire Regional School District, we could only utilize
the projected outcomes presented in the feasibility studies, because the
project is still under construction.
• For the Sudbury Public Housing Development, we spoke with an individ-
ual who works very closely with the housing development and its day-to-
day operation regarding how the project is performing in her opinion and
utilized the PowerWise tool, a web based online application used for meter-
ing different utilities. This information gave us important data on cost as
well as use and efficiency of the newly installed systems. More information
regarding specifics of the PowerWise tool can be found in Appendix 1.
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3.5 deliverables : case studies on three project sites
Using the information obtained through the previous tasks, we produced
case studies on the three renewable thermal projects to promote future renew-
able thermal energy projects. An example of one such case study, which was cre-
ated during the previous summer about an earlier DOER project, was provided
to us to show how our case studies should be formatted. This case study can be
found in Appendix 2. Through analyzing this example case study, we extracted
the key components and important pieces of information that were included,
namely the history of the site, the system design, the funding sources, the project
outcomes, and the overall lessons learned from the project process. We then com-
piled this information for each of our three sites using the data we collected and
organized from the interviews and qualitative data analysis we conducted.
To present the full undertaking and address the questions and concerns that
site leaders have had, we included an overview of the process, including obtain-
ing financial and community support, and the design of the system. As far as re-
sults go, we compared the projected cost, timeline, and performance with the ac-
tual results and presented these comparisons in the Project Outcomes section. To
maximize the breadth of our recommendations, we emphasized different points
in the Lessons Learned section for each case study.
It is our hope that these case studies will not only provide potential future
site leaders with information about the process of implementing one of these re-
newable thermal technologies, but they will also help to inform the public about
the types of renewable technologies used in our three cases in an effort to dispel
common misconceptions that people may have about these technologies being
too complicated, inefficient, or expensive.
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4
R E S U LT S
The findings from our fieldwork and data analysis are presented in this chap-
ter. We first discuss the metrics used when collecting data, and then present
the most relevant aspects of each of the following DOER-sponsored renewable
thermal project sites we investigated: the Amherst College bunker building, the
Southern Berkshire Regional School, and the Sudbury Public Housing Develop-
ment. We then provide the list of findings we compiled from our data collection
at each of the three project sites.
4.1 determination of metrics
Before visiting each project site to collect data, we needed to determine which
metrics we would use in our analysis of the project. To determine these metrics,
we met with our sponsor and point of contact at the DOER. We spoke with her
about what concerns and questions the DOER has encountered working with
past renewable thermal heating and cooling project sites. From this interview, we
identified the following findings, some of these overlapped with the metrics we
found in our literature review, specifically in Section 2.3 Transitioning Between
Fossil Fuels and Renewable Energy.
4.1.1 Cost is a Metric for Assessing Renewable Thermal Projects
In our interview with our sponsor, we asked what she thought were the main
concerns of potential project site leaders when considering implementing a re-
newable thermal project. Her response was ”A lot of it is cost, I think. They [po-
tential project site leaders] want to know how much it is going to cost.” She then
elaborated that project sites ”request funding for the amount presented on the
feasibility study. Say it’s underestimated and the bids come in at $100,000 more;
the project sites are in a bind because they only asked for funding up to what
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the feasibility study presented.” We identified similar concerns in Section 2.3.2 of
our literature review.
4.1.2 Community Acceptance is a Metric for Assessing Renewable Thermal Projects
Community acceptance was also presented to us by our sponsor as an impor-
tant metric to be considered and investigated when talking to project sites. Our
sponsor states ”Community acceptance is also important because they have to go
to town meetings or the school board in order to get approval for something like
this so they have to sell it.” This is consistent with what we found in Section 2.3.1
of our literature review.
4.1.3 Operational Logistics and Aesthetics are Metrics for Assessing Renewable Thermal
Projects
Operational logistics (pellet delivery for biomass systems) and aesthetics
were also brought to our attention from our interview with our sponsor. She
states ”Space and aesthetics regarding the silo are also concerns that I have seen.
Where the silo would go, how they would get the delivery, price of the pellets,
and pellet availability.”
4.2 site descriptions
After determining which metrics we would be focusing on, we began gath-
ering data for each project site. For each project site, we compiled a document
containing information we would need to collect relating to each metric and the
decision making process, and included information we already had access to in
the feasibility studies from each site. We took this information gathering guide,
found in Appendix 4, to each site in order to ensure that we collected all the in-
formation necessary to compile case studies.
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4.2.1 Amherst College Bunker Building
Amherst College is a privately funded university that has an off campus
book storage bunker. This bunker, seen in Figure 7, has an area of 50,000 ft2 and
must be climate controlled 24 hours a day, 7 days a week, for the entire year. The
bunker is climate controlled year round in order to ensure that the integrity of
the books, especially the antique books, is not compromised. In order to supply
a proper climate for these books, the building is first cooled to remove moisture
from the air and is then heated to achieve desired room temperature. Prior to
the installation of the new biomass boilers, this bunker was cooled with a stand
alone air conditioning system and heated with two 15 year old Burnham cast
iron, oil boilers, each rated at 560,000 BTU/hour. The annual heating cost of the
bunker when using the oil boilers was approximately $16,000. Under the new
system, it is expected to decline to $11,050 per year. The facility’s management
has greatly reduced its energy use in recent years by increasing the range of tem-
peratures and humidity allowed within the building and decreasing ventilation.
We interviewed an individual who worked closely with the project process and
continues to work with the maintenance of the system in order to gather the in-
formation presented in the following sections.
Figure 7: Amherst College Bunker Building
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4.2.1.1 The Introduction of Renewable Technology to Amherst College
Amherst College applied for a grant through the DOER when their oil boil-
ers were approaching end of life expectancy. When considering their options
for heating this space, they contacted an outside contractor to become informed
about the different heating options available on the market. Initially, the project
site leader considered the implementation of a propane heating system. During
discussions with their contractor, the idea of a biomass system was suggested
due to the availability of a grant through the DOER. They applied for this grant
with the help of the consulting firm, and once it was received, the decision was
made. They were granted 75% of the expected cost of the biomass boiler project,
equating to $205,000 out of the expected $275,000.
After the engineers analyzed the load of the building and the usage patterns,
they determined that two biomass boilers would be preferable. Having two boil-
ers provides a 100% redundancy which allows them to shut off one boiler for
maintenance while the other still fully heats the building. After considering the
space available inside the old oil boiler building, the consulting firm determined
that building a new boiler room closer to the bunker would be the best option. A
closer boiler room would decrease the amount of piping required and allow the
old oil boilers to be operational during construction. This new boiler building
would also allow for a 600 gallon thermal storage tank sized to fit the load of the
building. Figure 8 shows a picture of the new boiler room and wood pellet silo.
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Figure 8: Amherst College New Boiler Building
4.2.1.2 Aesthetics and Operational Logistics
The biomass boilers require pellets as a fuel source. Therefore, it is desired
that there be nearby pellet storage to allow for easy access between the boilers
and the pellets. Amherst College chose to use a silo for their on-site storage rather
than construct an indoor pellet storage bin. When implementing a biomass heat-
ing and cooling system, a frequent concern of our interviewees was the aesthet-
ics of the silo as they are rather large and can obstruct from the aesthetic qual-
ity of the building. Since the bunker building at Amherst College is off campus
and in a remote location, aesthetics were not of concern. The silo at Amherst,
which is can be seen in Figure 9, is 12 feet in diameter by 26 feet tall. The siz-
ing of the silo provides enough room for 4 to 5 months worth of pellet storage
which allows them to buy pellets in bulk and save money on delivery charges
as they only have to get delivers 2-3 times a year. Depending on the site, deliv-
ery logistics can be a concern. A requirement for a biomass system is that the
space/roadways allow for a large truck to provide wood pellet deliveries to the
silo. The bunker building has ample parking space surrounding the silo and
bunker building, so there were no issues with delivery logistics.
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Figure 9: Silo at Amherst College
4.2.1.3 Construction
Amherst College was referred to Froling Energy for the construction by the
same contractor who referred them to DOER for the grant. Although the con-
struction was set to begin on October 2nd, 2014, due to delays in the design pro-
cess and in getting permits from the town, it was not actually started until De-
cember. The chosen boilers were produced by Froling, an Austrian company
with no relation to the energy company based in New Hampshire. Froling has
been described as ”the Cadillac of biomass boilers” by the DOER’s biomass ex-
pert. Construction was set to be completed by November 26, 2014, but the boilers
were not fully online until April 1, 2015. The process of installation required dig-
ging trenches in order to lay down piping from the new boilers to the bunker
building. The timeline delay was a result of the harsh winter experienced in 2014
which inhibited the ability of the contractors to dig the necessary trenches.
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4.2.1.4 Current Operations and Maintenance
The boilers were operational for approximately six months as of September,
2015. The annual maintenance cost of the old oil boilers was $500. Amherst now
has a $2500 per year contract with Froling Energy for annual cleaning and 24/7
monitoring. As part of the maintenance requirements for biomass boilers, an
ashtray is to be emptied every 6-8 weeks. Besides that, it is very similar to the
oil boilers with an annual cleaning, annual inspections and weekly checkups.
Additionally, the old oil boiler system produced a coating of soot that had to
be removed each year whereas the biomass boilers produce only a thin layer of
biodegradable wood dust from the pellets that can be easily removed. To aid in
the maintenance process, the boilers are equipped with sensors that monitor dif-
ferent components of the system. Amherst College has a contract with Froling
Energy to remotely supervise the system through these sensors and notify the fa-
cilities faculty if any abnormality occurs. In general, the new biomass system has
a comparable maintenance schedule to the old oil boilers, and with time and ex-
perience, the Amherst facilities personnel expect it to become a faster and cleaner
process. The Froling boilers at the Amherst College Bunker Building can be seen
in Figure 10.
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Figure 10: Froling Boilers at the Amherst College Bunker Building
4.2.1.5 Major Lessons Learned
From our interview and onsite visit at the Amherst College Bunker Building,
we developed a list of ”lessons learned” that will be included in our case studies.
First, it is helpful, to seek an experienced team. Amherst College was fortunate
to work with experienced engineers throughout this project which allowed for
a relatively smooth project process. Wood pellet boilers are relatively new to
the United States, though the industry is well developed in Europe. Because of
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key differences in operation between wood pellet and fossil fuel systems-such as
longer startup and shutdown times and the importance of thermal storage- work-
ing with engineering firms with relevant experience makes a renewable thermal
project process run more smoothly.
Second, the timeline for these projects can change even when working with expe-
rienced engineers. Construction was set to take place between October 2nd and
November 26th. Due to delays in the design process, construction began in De-
cember. As the construction occurred in the winter, there were weather related
setbacks and the biomass system was not placed online until April 1st. However,
due to proper planning and preparation, this delay did not affect the bunker’s
ability to maintain proper climate for the books. Since the project involved con-
structing a separate boiler building, the school was able to use their old oil boil-
ers throughout the project installation process.
4.2.1.6 Site Summary
Overall, the Amherst College biomass installation was a success, as the boil-
ers are operational. The staff and project coordinators are very happy with the
project process and the performance of the new boilers. The individual we in-
terviewed from Amherst College expressed that they are very pleased with the
contractors they used to install the boilers, and the boilers themselves. The indi-
vidual states ”In the short time that we’ve had this system up and running, we
are pretty impressed with it. I think we’re glad that we made the decision to go
with this and we are looking forward to many years of trouble free operation
years of trouble free operation.” He mentioned that they were comforted know-
ing that Froling Energy was familiar with the technology and the installation pro-
cess. The advanced sensor system of the Froling boilers allows for remote access
to information regarding maintenance needs, and the maintenance of the system
is comparable to that of their old system. Cost was a concern for the stakehold-
ers at Amherst College, but with funding from the DOER, the project became
very affordable. The timeline for the project did shift, and the installation did
take longer than expected, but since this construction involved creation of a new
building for the biomass boilers, the old oil boilers were able to maintain the
climate of the bunker building throughout the construction process. Aesthetics
were not a concern for this project due to the off-campus location of the bunker
building.
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4.2.2 Southern Berkshire Regional School
The Southern Berkshire Regional School, seen in Figure 11, is a public school
in Sheffield, Massachusetts. It has a total area of 220,000 ft.2 and is comprised
of a high school and an elementary school separated in two wings. The build-
ing serves a total of 845 students, faculty, and staff. Originally the school was
equipped with two oil boilers, providing 9.146 billion BTUs of heating annually,
which were approaching the end of their lifespan and would need to be replaced.
The school district researched a grant provided by the Massachusetts School
Building Authority through their Accelerated Repairs Program to help fund new
boilers and a new roof, another renovation that needed to be done at the time.
During this grant search, they found the DOER SAPHIRE Program, which intro-
duced them to the idea of using a renewable energy production method such as
biomass or geothermal heating. We interviewed two individuals who worked
very closely with acquiring the grants from the DOER as well as communicating
with the contractors prior to project implementation to obtain the information
presented in the following sections.
Figure 11: Aerial View of the Southern Berkshire Regional School
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4.2.2.1 The Introduction of Renewable Technology to Southern Berkshire Regional School
After school project leaders spoke with the DOER about the different po-
tential renewable technology options, they decided to commission a feasibility
study. This study, completed by BEAM engineering, compared the installation
of a biomass system to the installation of a geothermal heat pump system. This
study quickly found that a geothermal heat pump system would have been pro-
hibitively expensive, as it normally is in retrofit scenarios. Therefore, they de-
cided to install biomass boilers as well as an oil boiler for a backup source as it
was the most cost effective option.
4.2.2.2 Grants Awarded
Once the decision was made to move forward with a biomass heating sys-
tem, the school hired contractors to complete design and cost estimates. Cost
was a concern for the school and the taxpayers. The DOER provided a grant of
$360,000 and the MSBA provided a grant of $195,000. These grant amounts were
calculated based on the BEAM feasibility study’s cost estimate of $1,028,000. In
order to gain community support for the funding of this project, the school had
an information communication system. They hosted meetings and distributed
newsletters informing taxpayers about the process of this project, addressing con-
cerns and presenting information on the different costs that the project would
involve. According to our interview, the most effective information that was dis-
tributed was a cost breakdown that illustrated how much each taxpayer’s taxes
would increase when paying for the portion of the project that was not funded
by grants. According to our interview, this breakdown of cost eased the minds
of the taxpayers because it showed that the average taxpayer’s taxes would only
increase by around $20 annually.
4.2.2.3 Design Phase
The BEAM engineering feasibility study included general information on the
building including old oil fuel usage annually, boiler room size, school size, and
potential specifications for a new biomass system. This study included creating
a new 25 feet by 30 feet boiler room housing a 4,000 gallon thermal storage tank
and two Veissmann KOB 540 biomass pellet burning boilers of approximately 3.7
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MMBtu/hr (1,080 kW) in total capacity based on a peak usage calculation of 3.9
mmBtu/hr.
When the school began searching for contractors to complete the construc-
tion and installation for the project, they contacted RDK Engineers through the
DOER. RDK used the background information about the school presented in the
case study from BEAM to produce a feasibility study and preliminary design of
their own. Once this feasibility study was completed, it was apparent that there
were some large differences between the two studies. RDK identified that the old
boiler room could function with the new biomass boilers, if rearranged appro-
priately. RDK also identified some costs that were not included in the BEAM fea-
sibility study. The RDK study included a 1,500 gallon thermal storage tank and
estimates for boiler size including two Veissman Pyrot 540 each with 1,843 MBH
and one Weil McClain boiler with 5,304 MBH, based on a peak usage calculation
of 7.0 mmBtu/hr which is much more conservatively sized.
In order to determine which solution was appropriate for the school, South-
ern Berkshire had Wilson Engineering, a third party contractor, produce a third
feasibility study. This study determined that the peak usage is actually around
5.5-6.0 mmBtu/hr and recommended a smaller version of the Veissman Pyrot
biomass boilers, which can be seen being installed in Figure 12. The school ac-
cepted a bid from RDK Engineering which was substantially larger than the cost
presented in the BEAM feasibility study, coming in at $1,543,662.00.
Once the correct boiler specifications were agreed upon, the final design was
created. Due to the location of the boiler room, the pellet silo was positioned in
the back of the school building, and would thus not be visible from the street.
According to our interview, this alleviated any concerns regarding the aesthetics
of the silo. However, an issue with the thermal storage tank developed once the
design was submitted to the DOER.
A requirement of the DOER’s grant programs is that the boiler rooms contain
an appropriate amount of thermal storage, 7,000 gallons in this case. When the
DOER analyzed the design to approve funding the project, they noticed that the
thermal storage design presented wasn’t sufficient for their requirements. This
problem was resolved by compromising on the size of the thermal storage tank,
pictured in Figure 13, to contain 3,000 gallons of storage, but added delays to the
entire project timeline. After this issue had been resolved, construction began.
Originally, the project was set to be completed by September 31, 2015. However,
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due to delays with boiler delivery, the new estimated project completion date is
October 15, 2015. While this setback prolonged the project process, it is some-
thing that can be planned for. Most biomass boilers are sourced from Europe
and have an estimated delivery time around 3-4 months after the order is placed.
While this time delay with the boiler delivery was a reason for worry, it is impor-
tant to note that had the boilers not arrived and been placed online before winter,
an oil boiler could have been brought in on a large truck and used to heat the
building in the interim.
Figure 12: Veissman Boilers at Southern Berkshire Regional School
4.2.2.4 Current Project Status
Once the boilers arrived, the stakeholders at the Southern Berkshire Regional
School started to consider the maintenance requirements of the system. The
projected annual cost of maintaining the new biomass boiler system is approxi-
mately $10,000, which is comparable to the maintenance cost of the old system.
According to our interview, the concern of the facility faculty is that they won’t
have the proper knowledge and experience to maintain the boilers appropriately.
Once this project has been completed, it will act as a solution to the school’s
failing oil boilers. Based on the feasibility study, the school should see a $91,000
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fuel cost savings per year, allowing for a 5.3 year break even point. The project is
also projected to decrease greenhouse gas emissions by 85% or 801.4 tons annu-
ally.
Figure 13: Thermal Storage Tank at Southern Berkshire Regional School
4.2.2.5 Major Lesson’s Learned
From our interview and onsite visit at the Southern Berkshire Regional School,
we developed a list of ”lessons learned” that are included in our case studies.
First, it is important to obtain community acceptance. The taxpayers had con-
cerns when the project was first proposed regarding the cost of funding such a
large project. In order to mitigate these concerns, the school district presented
the taxpayers with an exact breakdown of how much each person’s taxes would
increase due to the project costs. When presented this way, the project cost was
much more manageable, and community acceptance was achieved. They also
brought in biomass technology experts to help educate the community members.
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Second, it is important to obtain multiple trustworthy opinions on the project. Since
wood pellet boilers are relatively new to the United States, the Southern Berk-
shire Regional School District had three feasibility studies done for this project.
By comparing these feasibility studies, they were able to clearly see the differ-
ence in experience of the different engineering firms by the boiler sizing and cost
estimates provided. After comparing all three studies, they had a much more
appropriate boiler sizing estimate and an accurate projection of project cost.
4.2.2.6 Site Summary
The differences in technical experience and opinions with the biomass sys-
tem between contractors created a delay in the design process. The project was
expected to be completed by the end of September of 2015, but due to shipping
delays of the biomass boilers the project is still currently under construction and
expected to be done by mid-October.
4.2.3 Sudbury Public Housing Development
The Sudbury Public Housing Development is composed of 21 single family
and duplex rental houses for low income families. A panorama of one of these
units can be seen in Figure 14. The housing development is occupied almost
exclusively by elderly people and couples. These apartments were built in the
1960’s and almost all of them were heated with electric baseboards. These elec-
tric baseboards have a number of issues including having low energy efficiency,
producing particulate emissions, and becoming dangerously hot. The state orga-
nization responsible for acquiring funding to upgrade the housing development
is the Department of Housing and Community Development (DHCD). Sudbury
was on the DHCD’s list of sites to improve because of electricity metering data
that indicated that the development was spending too much money on electricity
per square foot. We interviewed five individuals at the Sudbury Public Housing
Development in order to gather the information in the following sections. One
individual we spoke with worked very closely with the DOER grant process and
the PowerWise metering system. The second individual we spoke with works
very closely with the housing development and its day to day operation. The
other three individuals we spoke with are tenants of the housing development.
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Figure 14: Duplex at the Sudbury Public Housing Development
4.2.3.1 The Introduction of Renewable Technology to the Sudbury Public Housing Devel-
opment
In order to reduce this electricity cost the DHCD applied for funding through
the DOER for a pilot program for the Sudbury Public Housing Development to
replace the electric baseboards in four apartments with Air Source Heat Pumps
(ASHPs). The outdoor condensers are pictured in Figure 15, and the indoor vent
is pictured in Figure 16. Since the DHCD is concerned with saving money for
the state, they did not have a feasibility study commissioned for this renovation.
Four ASHPs were installed within the Sudbury Public Housing Development
with a grant from the DOER providing 100% of the $32,550 project cost.
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Figure 15: ASHP’s at Sudbury Public Housing Development
4.2.3.2 Timeline
A typical installation of four ASHPs should take about a week to complete.
Due to the need to secure funding, the state requirement is to source the lowest
bid for the installation. With a conflict with one resident not wanting the system
installed in their unit and an atypical installation process, the Sudbury Public
Housing Development took 1.5 years from start to finish.
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Figure 16: Indoor ASHP vent at Sudbury Public Housing Development
4.2.3.3 Resident Feedback
Aside from one resident who wished to not have the system installed in their
unit, the feedback from the residents has been positive. One resident spoke very
highly of the new system and the reliable heating, cooling, and dehumidifica-
tion it provides. He is quoted as saying that ”it is the best invention ever” and
that he ”wished it had been around 50 years ago.” When asked about the main-
tenance of the system, he explained that all he does to maintain the systems is
clear out the filters every three months, though the manufacturer recommended
maintenance is to clean the filters every six months. This resident also mentioned
that he has helped others to clean their filters as well. A second resident voiced
that while she has heard good things about the systems, she knows that some
residents struggle with the remote control that is used to change settings. She
mentioned that there are different types of remotes in the different units, and
that some people wish they were taught how to use it. Once the four pilot units
had been installed and online, the focus of the project shifted toward metering
the performance of the ASHPs.
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4.2.3.4 PowerWise Metering
The Sudbury Public Housing Development installed a metering tool, Power-
Wise, to measure the electricity usage of units with ASHPs and compare to the
electricity usage of the control units. Other public housing developments have
installed ASHPs, but have not been able to effectively monitor the energy savings
due to a lack of accurate and specific data. In the previous installations, the only
accessible information was the billing information from an entire building’s elec-
tricity use. From this, the DHCD has been able to estimate how much money the
installation of the ASHPs has been saving them, but they do not have concrete
data on what percentage of the savings are actually coming from the switch to
ASHPs. Sudbury was to be the test site for their new metering technology to ob-
tain that missing data.
The PowerWise metering system was first installed in four cold climate one-
to-one air source heat pumps, and four control units with electric baseboard heat.
This was done to determine the baseline KWH usage over a full year by com-
paring the four pilot units with the four control units. However, due to the man-
ner of ASHP installation and difficulties with unorganized circuit breakers, the
DHCD hadn’t been able to obtain and analyze the data. In September, 2015, the
PowerWise engineers worked with the DHCD engineer in an effort to correct the
wiring mistakes in order to produce accurate and usable data for the pilot and
control units. However, due to the nature of the older buildings and the com-
plicated circuitry, this took several attempts. As of September 17, 2015, the elec-
tricity usage is said to be accurate. Due to the late availability of accurate data,
we were not able to provide substantial data analysis regarding electricity usage
trends and cost savings.
4.2.3.5 Major Lessons Learned
From our interview and onsite visit at the Sudbury Public Housing Develop-
ment, we developed a list of ”lessons learned” that is included in our case stud-
ies.
First, it is important to investigate the feasibility of the project before beginning.
There was no feasibility study commissioned at the Sudbury Public Housing
Development, and feasibility studies provide not only recommendations for the
specifics of the renewable technology to be installed, but in many cases also pro-
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vide background information on the building/units themselves. Had this study
been conducted, the many challenges of installing a pilot program and working
with PowerWise in this situation would have been exposed.
4.2.3.6 Site Summary
There are a number of qualities about the Sudbury housing development that
make it unsuitable for a pilot program to determine the effectiveness of a new
technology. First, the tenants at Sudbury have fairly irregular usage habits. This
site becomes more unsuitable when we add the fact of Sudbury not having any
historic, per-unit power usage data. Another issue is that the tenants were not in-
structed on how to use new technologies, and since they control the temperature
in their own apartment, this caused more irregularities in the metering and effec-
tiveness of the systems. There also isn’t a maintenance plan for the new systems,
which places the responsibility of maintaining the ASHPs on the tenants.
Several issues can be worked around by effectively educating the tenants
about the systems being installed in their homes and setting up the appropriate
infrastructure. The tenants that had the new systems installed in their apartment
at Sudbury were not instructed on how to use or maintain their new ASHPs. In
fact, not even the housing director was given any instruction on the operation
or maintenance of the systems. The control for an ASHP is more complex than
a traditional thermostat, but according to our interview if it is explained to the
tenants, it can be just as easy to use. In a more complete installation where every
unit in the housing development is upgraded, the responsibility of maintenance
would become a routine for the facilities staff and no longer fall to the tenants.
In the realm of electricity usage metering, a full installation would increase the
sample size and possibly normalize out some the outliers from the data.
4.3 site findings
After we interviewed stakeholders and project leaders from each project site
we studied, we noticed that each project process was complex in its own way,
and each project involved different successes and challenges. We compiled the
following findings after analyzing the interview transcripts and feasibility stud-
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ies from each project site. Included with each finding is information and evi-
dence from various project sites.
Site Findings:
• Commissioning a feasibility study prior to beginning a renewable thermal
project can be very valuable
• Failure to consider the context in which a renewable energy technology is
being implemented can lead to poor performance and increased required
maintenance
• Educating the community about new technology before installation can
lead to community support
• Working with experienced engineers can make a big difference in the project
timeline and post project effectiveness
• Improving a building’s energy efficiency improvements prior to or in addi-
tion to upgrading the heating system may lead to increased cost savings
• Public housing rules and regulations can be barriers when implementing a
renewable technology project
• Failure to consider context when choosing a metering system can lead to
problems with gathering data
4.3.1 Commissioning a Feasibility Study Prior to Beginning a Renewable Thermal Project
Can Be Very Valuable
For many renewable thermal project sites working with DOER funding, the
first step in the process is to commission a feasibility study from an engineer-
ing firm. These feasibility studies provide information pertaining to the specific
project site including cost estimates of project construction, estimated payback
period or break even point, renewable technology sizing recommendations, and
annual comparisons of fossil fuel cost to renewable energy technology fuel cost.
These feasibility studies can prove to be very valuable resources when begin-
ning a renewable thermal project. Along with providing information regarding
various aspects of the project, the investigative work needed to produce these
52
studies can also uncover underlying issues within the building that were not
previously known such as the presence of asbestos, poor insulation, and energy
management system efficiency problems. In the following sections, we provide
evidence for this finding from each project site
4.3.1.1 Amherst College Bunker Building
When Amherst College learned of the grant opportunities from the DOER
and that their oil boilers were reaching the end of their life expectancy, they com-
missioned a feasibility study to be completed comparing the initial cost and fuel
cost of installing a propane boiler system and a biomass boiler system. This fea-
sibility study aided in making their decision to work with the biomass boiler sys-
tem as it showed that using a biomass boiler system would be more cost effec-
tive and could sufficiently provide heat to meet their usage needs (Kohler, 2014;
Amherst College, 2014).
4.3.1.2 Southern Berkshire Regional School
Southern Berkshire Regional School District (SBRSD) commissioned a fea-
sibility study from BEAM engineering before contacting potential contractors
in order to determine if biomass boilers would be functional in the school. This
feasibility study provided a cost estimate of the project, general boiler technol-
ogy information, general construction process information, a comparison of fos-
sil fuel costs and biomass pellet costs as well as two different options regarding
boiler sizing and oil boiler backup logistics. Not only did this feasibility study
provide the SBRSD with a general understanding of what this project would in-
volve, but the SBRSD was also able to use this feasibility study as informational
material when looking for contractors to complete the construction. While the
selected contractors, RDK Engineering, conducted their own research to produce
a second feasibility study, this first feasibility study provided RDK with basic in-
formation regarding the project so that they could determine if they were well
suited for the project as a contracting firm.
Once RDK produced their own feasibility study, the SBRSD and the DOER
noticed a few discrepancies between the two feasibility studies. The BEAM feasi-
bility study and the RDK feasibility study did not agree on some aspects of the
project including boiler sizing and boiler room configuration. Since the SBRSD
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had commissioned these two feasibility studies with the help of the DOER, they
had the opportunity to be proactive and commission a third feasibility study
which produced more consistent information regarding project specifics (BEAM
Engineering, 2014; D.C. Architects, 2014;RDK Engineers, 2014, Wilson Engineer-
ing, 2015).
4.3.1.3 Sudbury Public Housing Development
The Sudbury Public Housing Development did not commission a feasibility
study when implementing the pilot Air Source Heat Pump project. There were
many unknowns throughout the project process and the installation of some
units needed to be adjusted after the initial installation. It was also unknown
at the beginning of the project whether or not the use of ASHPs in this setting
would be cost effective compared to the existing electric baseboard heating sys-
tem. If a feasibility study had been commissioned, more information would have
been known been known about this application of ASHPs and these issues may
have been avoided.
4.3.2 Failure to Consider the Context in which a Renewable Energy Technology is being
Implemented can Lead to Poor Performance and Increased Required Maintenance
Similarly to how various types of renewable technology differ no two build-
ings are exactly alike. Moreover, each building is used for a different purpose
and houses different types of people doing different activities. After investigat-
ing different aspects of the project processes at each different project site, analy-
sis revealed that not considering the context of the renewable technology before
beginning construction can lead to poor project performance and increased re-
quired maintenance. Furthermore, we learned that when the context of the re-
newable technology is considered prior to project implementation, the project
runs more smoothly. Evidence of this finding from each project site is presented
in the following sections.
4.3.2.1 Amherst College Bunker Building
The Amherst College bunker building is certainly a unique building with
unique heating requirements. Unlike a usual school building, the bunker build-
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ing is climate controlled year round to maintain the physical integrity of the
books it houses. Also, the bunker building is below grade. This means that the
heating load would remain relatively constant between the winter and summer
months since the earth surrounding the bunker building maintains a mostly con-
stant temperature. Fortunately, these factors were considered when purchasing
appropriately sized boilers and accompanying silo.
Aesthetics was considered when planning the biomass boiler system installa-
tion at the bunker building. A new above grade boiler building was constructed
to house the boilers adjacent to the new silo. Since the bunker building is off
campus, the issue of silo aesthetics was not a problem. However, the individual
we interviewed stated ”I don’t think we would get away with putting a silo in
the campus,” highlighting the importance of considering the application of the
technology when planning the design.
Another aspect of the biomass boiler system installation that was considered
at Amherst College was who would be maintaining the new boilers and how
they would be maintaining them. With such a large campus, Amherst College
has a robust maintenance plan with sufficient staff members. Before the system
was installed, the maintenance team became familiar with the maintenance re-
quirements of biomass boilers in order to determine if their staff would be capa-
ble. The boilers they chose provide updates regarding any maintenance needs
via the internet which decreases the learning curve of maintaining a new sys-
tem. The maintenance team is also planning on working with Froling Engineers
during the first annual maintenance. The plan is that the Amherst College main-
tenance staff will use this opportunity to learn how to complete the annual main-
tenance, and after the first year, will begin to do the annual maintenance on their
own. This maintenance requires turning the boiler off, however, Amherst College
has two boilers with 100% redundancy each, this means there will be no gap in
climate controlling in the building while the maintenance process takes place.
4.3.2.2 Southern Berkshire Regional School
When determining which renewable thermal technology would be best ap-
plicable in the context of the Southern Berkshire Regional School, many factors
were considered. Very quickly, geothermal heat pumps were eliminated as an
option due to the large upfront cost. When looking into biomass boilers as an op-
tion, the school made sure to look into how this system would affect air quality
55
and whether or not the boilers would produce unpleasant noise. In a school set-
ting, air quality is very important, as children spend a big portion of their days
there. Noise is also a concern for schools because they don’t want anything dis-
tracting students from their education. Fortunately, biomass boilers are compa-
rable in terms of noise to oil boilers, which the school previously used to heat
the building, and do not affect air quality in the classrooms as they burn very
cleanly.
In our sponsor at the DOER’s experience, many schools have concerns re-
garding the aesthetics of the biomass pellet storage silo. Fortunately, this was
considered when designing the layout of the new system, and it was deemed
possible to place the biomass silo in the back of the building near the boiler room,
where it would not be visible from the street.
One aspect of the project that was not considered as strongly when planning
the project was maintenance. Unlike Amherst College, the Southern Berkshire
Regional School is a public school with only one building and thus a need for
smaller maintenance staff. Whereas the maintenance staff at Amherst College is
more experienced with robust boiler systems in different buildings across cam-
pus, the maintenance staff at Southern Berkshire Regional School is not as expe-
rienced with different boiler types, as this has not been a requirement to satisfy
the school’s maintenance needs. The SBRSD also did not make a maintenance
plan or contract for once the boilers are on line. They are currently concerned
with who will maintain the new boilers and how they will learn the proper main-
tenance techniques. One individual we interviewed from the SBRSD states in
regards to the biomass boiler system ”who will maintain it? Who has the exper-
tise in these types of boilers to maintain it, and then it’s going to be a little bit of
a learning curve for our maintenance staff to learn how to operate and all that,
so that was one of the concerns.” This concern also highlights the importance
of considering all aspects of the renewable technology application for each site,
including the people who will be working with the technology.
4.3.2.3 Sudbury Public Housing Development
Since the Sudbury Public Housing Development was concerned with quickly
reducing their electricity costs per unit, there were a lot of aspects about this
particular context of ASHPs that were not considered or planned for. The first
aspect of applying ASHPs in a public housing development that was not con-
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sidered was how a community of mostly elders would respond to and use the
ASHPs. Many of the elderly residents were not familiar with ASHPs and thus
some residents responded negatively to the idea of having this new technology
placed in their units. After the ASHPs were installed and the PowerWise meter-
ing system was being implemented, many of the residents became upset with
the electricians coming in and out of their units and moving their belongings.
Since the residents were not educated on how to use the ASHPs, they used them
like they would an electric baseboard heating system with a thermostat: by turn-
ing it on and off to maintain their comfort level. However, ASHPs function best
and is the most energy efficient when set to a temperature and left on automatic
mode. Using an ASHP like an electric baseboard heating system increases the
operating cost and decreases the effectiveness of the system. The individual we
interviewed that worked closely with the PowerWise system states ”that is one
of the concerns we have in elderly units. This is not a thermostat that you dial
forward and backwards. It’s a handheld remote control and it has the options to
keep the system in heating, cooling, and even dehumidification. So you have to
choose the right mode.”
Another aspect of the public housing development application of ASHPs that
was not considered and poses as an issue is maintenance. Since only four units
at the housing development have had ASHPs installed, the maintenance of these
systems hasn’t been integrated into the housing developments maintenance plan.
The filters in the unit need to be cleaned out every six months, and this respon-
sibility is left to the residents. One resident doesn’t mind the maintenance and
he helps out the other residents who either don’t know how to or are unable to
maintain their systems themselves.
4.3.3 Educating the Community about New Technology before Installation can Lead to Com-
munity Support
Since most of the DOER’s grant money goes to public organizations, ensuring
that the projects have the support of the community is very important. In most
cases, the DOER’s contribution only partially funds these projects, so it is up to
the community members who use these public buildings to pay for any work on
them in the form of local taxes. Lack of community support can be a barrier to
both implementation and effective operation. We found that educating the com-
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munity about the new technology before installation can lead to community sup-
port. In the following sections, we present evidence for this finding from each
project site where it was applicable.
4.3.3.1 Southern Berkshire Regional School
The Southern Berkshire Regional School District received grants totaling
around 40% of the total project cost. This meant that the remainder of the project
was to be funded using the taxpayer’s contributions. Even though the money
would be going to improve the local school building, the community members
were hesitant to approve the spending. This almost prevented the project from
being implemented.
By providing effective education and instruction to the community, the South-
ern Berkshire Regional School District was able to obtain the community support
necessary for the project to move forward. According to one of the two individu-
als we interviewed who worked very closely with acquiring the grants from the
DOER, the school district ”brought a [biomass] expert to have him participate in
several meetings so that the public could be educated.” In addition, there was a
community press release that showed breakdown of taxpayer increases per year
because of the renovation. For this community, this method worked to ease the
minds of the taxpayers that this project could be paid for with only a minor in-
crease in taxes each year. Through information on the technology and on the per-
sonal impact, the Southern Berkshire Regional School District was able to secure
support and funding for their renovation.
4.3.3.2 Sudbury Public Housing Development
At the Sudbury Public Housing Development, the installation of the ASHPs
was fully funded by the DOER, and the DHCD went ahead with the installations
without first gaining support from the tenants. This has proven to be an issue
with regards to operation and maintenance of the ASHPs. Since the tenants were
never instructed how to operate or maintain their units, there have been com-
plaints about the technology including one tenant who demanded that ASHP
be removed from his unit. Some tenants also expressed that they did not believe
that the new systems would work, and once it was installed, they confused the
unpleasant sound of the previously installed water heater with the ASHPs.
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The Sudbury Public Housing Development, while not proactive about edu-
cating their tenants, did eventually provide maintenance instructional materials
to the tenant who asked for them. That tenant eventually went and personally
taught the other tenants how to operate their ASHPs. Prior to the education, the
tenants were incorrectly controlling the units, which caused much more energy
to be used. Instead of leaving the ASHPs in automatic mode, some tenants were
turning the ASHPs on and off which causes a greater power consumption.
It is important for people to know that the new system they are implement-
ing actually works. When the community trusts and understands the system,
there will in some cases be more support for it and in some cases more efficient
operations and maintenance. The management of all of the projects we investi-
gated found it useful to visit other sites that have installed similar technologies.
Seeing proof of it working for another community boosts the trust in the tech-
nology. The housing director at Sudbury told us that ”just hearing from other
tenants about it and the comfort level that you [a tenant] felt... is the best recom-
mendation.” Even hearing the stories of other sites, in a case study for example,
can serve this purpose for many sites in the planning phases.
4.3.4 Working with Experienced Engineers Can Make a Big Difference In The Project Time-
line and Post Project Effectiveness
Since the implementation of renewable thermal technologies for heating and
cooling systems is just starting in Massachusetts, there are not many engineers
that are familiar with these systems. Working with experienced engineers on
this type of project makes a big difference to the success of the project. In the
following sections, we provide evidence from each of the three case studies that
support this finding.
4.3.4.1 Amherst College Bunker Building
Amherst College was recommended, by the DOER, to contact Froling, an
Austrian company that has more than four decades of experience in wood heat-
ing technology. Since Amherst worked with a firm that is considered the ”pio-
neers” in this field, their construction phase went almost perfect. They did not
have many discrepancies when deciding what type of system to install. Since
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Amherst College worked with experienced engineers, they were well prepared
for any unknown obstacle. During the construction phase, they suffered from a
harsh winter that produced a delay in the timeline of the project. Nevertheless,
this delay was minimal and they were not really affected in terms of cost or com-
fort.
Another benefit of working with experienced engineers is that once the sys-
tem is running they can provide technical assistance to the maintenance staff if
situations arise. Froling Energy has been contracted to do the first annual main-
tenance, and helping Amherst College maintenance staff take care of the system.
Furthermore, Froling Energy monitors the system remotely, informing Amherst
College if there is any problem with the boilers. Working with experienced engi-
neers is very important since it can make a difference in project effectiveness dur-
ing and after the project implementation. The individual we interviewed from
Amherst College said that working with Froling Energy has been the best deci-
sion since wood heating for this company ”is their bread and butter.”
4.3.4.2 Southern Berkshire Regional School
Southern Berkshire Regional School District is an example of how impor-
tant the engineer’s experience is. As mentioned before SBRSD selected RDK
Engineering as their contractors. This company did not have much experience
with renewable thermal technology, and decided to conduct their own feasibil-
ity study. SBRSD and RDK feasibility study had a few differences that cause the
project planning phase to get delayed. Due to these differences SBRSD and the
DOER were able to bring a third party, Wilson Engineering which had more en-
gineer experience than RDK, to produce a third and more accurate feasibility
study.
After settling the discrepancies among the feasibility studies, SBRSD was able
to continue their project and start the construction phase. The bid was given to
RDK Engineers, but due to the delays of solving the differences among the stud-
ies, the oil boilers were not ordered on time, and so the project timeline is behind
schedule. This is an example of how important the contractors engineering expe-
rience is, and how contracting firms that does not know about this type of tech-
nologies could make a project timeline set behind.
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4.3.4.3 Sudbury Public Housing Development
Since Sudbury Public Housing Development is owned by the government
they needed to accept the contractor who offered the lowest bid. Sometimes con-
tractors who offer lower price quotes will not have as much engineering expe-
rience as those who offer a higher price quote. In this case they had several set-
backs during their implementation process. One of these setbacks was that the
contractors were not HVAC engineers; they were electricians and they are not fa-
miliar with this type of system. Thus, the system was not installed correctly the
first time and electricians had to keep going into the tenant’s room to fix it.
4.3.5 Improving a Building’s Energy Efficiency Improvements Prior to or in Addition to
Upgrading the Heating System May Lead to Increased Cost Savings
Making improvements to a building’s energy efficiency can affect the amount
of energy that the building is consuming and reduce fuel costs. This finding was
exemplified in the case of the Southern Berkshire Regional School.
4.3.5.1 Southern Berkshire Regional School
The Southern Berkshire Regional School had a energy management system
renovation in 2010, making the building more energy efficient. In addition, this
project was funded by DOER grants. ”Annually we’re looking at savings of 3,508
gallons of heating oil because of these changes...” said one individual we in-
terviewed who worked closely with increasing the building’s energy efficiency
(Southern Berkshire Regional School District, 2010).
4.3.6 Public Housing Rules and Regulations Can Be Barriers When Implementing a Re-
newable Technology Project
While investigating different aspects of the project process at the Sudbury
Public Housing Development, we learned that public housing rules and regula-
tions can be barriers when implementing a renewable technology project.
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4.3.6.1 Sudbury Public Housing Development
A requirement of public housing developments is that when they are under-
going a construction project that is estimated to cost more than $10,000, they
must put the project up to public bid, and accept the lowest bid they receive.
While this method is effective at ensuring the public housing development saves
money on a project, it also means that the electrician with the lowest bidder was
not necessarily the most competent or familiar with ASHPs and their installation.
This lack of experience with relatively new ASHP technology leads to several set-
backs in the timeline of the installation as well as several instances of correcting
mistakes, which involved entering the residents’ units, a slightly invasive pro-
cess.
4.3.7 Failure to Consider Context when Choosing a Metering System can Lead to Problems
with Gathering Data
Metering systems can be extremely useful for getting detailed information
on energy usage of a house or other building. There are however many things
to consider when looking into using a metering system for a certain application.
One consideration is that the site must have reliable internet access if the system
is to upload its data to a remote server. The Sudbury Public Housing Develop-
ment did not correctly evaluate the effectiveness of a metering system at their
complex.
4.3.7.1 Sudbury Public Housing Development
The public housing complex in Sudbury is not well suited for an internet
based metering system for many reasons. There is inconsistent connection to the
internet because the housing development is in a somewhat rural location. Ad-
ditionally, public housing developments in general aren’t practical applications
for a small scale pilot program using a metering system due to the wide range of
tenant behaviors that will skew the data. A requirement of the PowerWise meter-
ing system is that the breaker panel be organized to accurately connect and label
individual circuits. However, the breaker panels at Sudbury were very disorga-
nized, having had many changes in the 50 years they’ve been in service. Had the
Sudbury Public Housing Development properly evaluated the application they
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were looking at implementing this metering system in, they may have realized
the pitfalls before installing it.
4.4 summary
While many of our findings are specific to the project sites we studied, it is
important to note that these findings can be applied to many renewable thermal
project sites to come. From our findings we compiled a list of recommendations
(located in the following chapter) that we presented to the DOER. It is our hope
that the DOER will be able to use the recommendations to make improvements
to future renewable thermal projects.
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5
R E C O M M E N D AT I O N S
In this chapter we present recommendations to improve the planning and
implementation process for renewable thermal technologies through DOER re-
newable thermal programs. Each recommendation is supported by our findings
and review of relevant literature. It is important to note that our data analysis,
and thus our recommendations are not without limitations. We were unable to
provide an analysis of projected outcomes and actual outcomes relating to green-
house gas emissions, renewable system energy efficiency, annual energy use, and
annual fuel cost comparison of renewable systems and fossil fuel systems due to
the lack of access to quantitative data at each site. Furthermore, our recommen-
dations stem from site visits at only three project sites in a young program. For
this reason, our recommendations reflect our analysis of qualitative data we col-
lected including interviews and onsite visits from each of the three project sites.
The recommendations are organized into major categories in the following sec-
tions.
5.1 recommendations relating to informational material for po-
tential project sites
After speaking with our sponsor regarding her past experiences working
with renewable thermal projects, we learned that potential project site leaders are
most confident when presented with case studies of similar projects and docu-
mentation of cost comparisons between renewable and fossil fuel systems. There-
fore, we recommend that:
5.1.1 We recommend that the DOER continue to create case studies to provide up to date
information to potential project sites about existing renewable thermal projects
By continuing to create these case studies, found in Appendix 5, the DOER
will be able to present more examples of similar projects for potential site leaders
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to learn from. As seen in the following section, we learned about the importance
of providing feasibility studies to potential project sites from the interview with
our sponsor. It is our hope that this will lead to more renewable thermal projects
each with smoother project processes.
5.1.2 We recommend that the DOER bring case studies when consulting with new project
sites
In the interview with our sponsor from the DOER, we learned that potential
project site leaders often ask the question of who else has implemented a simi-
lar renewable thermal project to the one they’re considering. Our sponsor men-
tioned that while potential project site leaders seemed wary at first, due to many
of these technologies being so new, when they learned that similar projects had
been implemented in similar municipalities, the potential project site leaders felt
more comfortable and at ease. When we interviewed the two individuals from
Southern Berkshire Regional School District, we showed them an example case
study, found in Appendix 2. They said that they would have liked to have seen
a similar case study at the beginning of their project process. These project site
leaders from the Southern Berkshire Regional School District and the project site
leaders from Amherst College both mentioned that they visited other sites that
had already implemented biomass heating systems before making the final deci-
sion to move forward with their projects. By providing the potential project sites
with case studies of similar projects, the DOER will be able to continue to pro-
vide the potential project sites not only with information regarding an example
project process but also a point of contact for potential project site leaders to use
when making their final decisions regarding their renewable thermal project.
5.1.3 We recommend that the DOER provide examples of cost comparisons of fossil fuels
and renewable energy including implementation and operational costs when consult-
ing potential project sites
Given the strong interest in the financial aspects of proposed projects we rec-
ommend presenting factual data that shows the cost comparison of the renew-
able systems considered along with a comparable fossil fuel system as an incen-
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tive for potential project leaders. Frequently, renewable resources can be more
affordable than fossil fuels but project site leaders can be unaware of this since
they do not have a concrete comparison between the two. For example, Amherst
College and Southern Berkshire Regional School both initially considered non-
renewable resources and it was not until they did a long-term cost comparison
between renewable and non renewable heating sources that they noticed that a
renewable resource would be more affordable overall, especially with the DOER
incentive.
5.2 recommendation relating to community education
Following our analysis of the project process at the Southern Berkshire Re-
gional School, we learned of the importance of community education and com-
munity support. Therefore, we recommend that:
5.2.1 We recommend that the DOER provide methods or examples for conducting outreach
and education of the community on renewable thermal technologies when consulting
potential project sites
It is important to educate the community about the new technology that
project site leaders are aiming to implement, especially if a portion of the project
is to be publicly funded. As noted in finding 4.3.3, if Southern Berkshire had not
educated the community and gained community support, they would not have
been able to fund the project. Fortunately, the DOER was aware of the impor-
tance of community education and provided the Southern Berkshire Regional
School District with the necessary support to educate the community. In the case
of the Sudbury Public Housing Development, also listed in finding 4.3.3 the com-
munity wasn’t educated and the technology was used incorrectly, decreasing the
effectiveness of the project.
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5.3 recommendations relating to feasibility studies
In all of the project sites that we studied, data from our on-site visits high-
lighted the importance of commissioning a feasibility study. Therefore, we rec-
ommend that:
5.3.1 We recommend that a feasibility study be completed at each potential project site
Since each municipal building is not the same in design, each renewable ther-
mal system installation will be different. Occasionally, especially in older school
buildings, there are issues with the building (leaking pipes, asbestos, etc.) that
can be uncovered during the investigative work involved in producing a case
study. If a project began and issues like asbestos were present in the building,
many problems would arise including time delays, and increased expenses. Fea-
sibility studies can also include options involving different renewable system
designs as well as cost and maintenance comparisons of the proposed renew-
able system and the existing fossil fuel system. As stated in finding 4.3.1, com-
missioning a feasibility study prior to beginning a renewable project can be very
valuable. Therefore, we recommend that a feasibility study be completed at each
potential project site. Since this recommendation can be aimed at both the DOER
and potential project sites, we have provided both as recommendations that fol-
low.
5.3.2 We recommend that potential project sites commission a feasibility study prior to be-
ginning a renewable thermal project
As explained above, it would be in the potential project site leader’s and com-
munity’s best interest to commission a feasibility study prior to beginning con-
struction on a renewable thermal project. Not only do feasibility studies provide
information regarding potential design of a new system and can uncover under-
lying issues within the building, they can also be used as informational materials
for both potential engineering firms/contractors and the community. Since fea-
sibility studies often include information regarding the general design require-
ments for a new system, this information can be used to inform potential engi-
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neering firms/contractors so that they are more informed about the project be-
fore they take it on. Feasibility studies can also be used to educate and increase
community support. As discussed in section 2.3.1, it can be beneficial to a com-
munity to see a written document explaining the details of a project and that us-
ing a renewable thermal system is feasible in their application. For these reasons,
we recommend that potential project sites commission a feasibility study prior to
beginning a renewable thermal project,
5.3.3 We recommend that the DOER strongly suggest or make it a requirement of their grant
program that renewable thermal project sites commission a feasibility study prior to
beginning a renewable thermal project
We recognize that the DOER does not only fund these renewable thermal
projects, but also provides the project site leaders and communities with guid-
ance and support throughout the project process. Since the DOER provides fund-
ing to the project sites, they have the ability to leverage this funding when sug-
gesting that the project sites commission a feasibility study. For this reason, we
recommend that the DOER make it their responsibility to ensure that a feasibility
study be completed at a project site before construction begins.
5.3.4 We recommend that the DOER provide funding to commission a feasibility study that
includes a comparison of multiple renewable thermal heating and cooling systems
As mentioned in section 4.3.2. before deciding to install a biomass boiler sys-
tem, the Southern Berkshire Regional School District considered both geothermal
and biomass technologies. The feasibility studies commissioned at the SBRSD
were extensive, and illustrated that both options were feasible in this application,
but the geothermal system had an incredible large installation cost. These feasi-
bility studies provided them with enough information to make the decision that
best fit their application of renewable thermal systems.
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5.3.5 We recommend that the DOER provide funding to commission a feasibility study that
compares different types of metering systems and their application in the project site
before providing funding to sites for metering systems
Similar to how a feasibility study should be commissioned to determine which
renewable technology will work the best in a given project, project sites that wish
to utilize a metering system should conduct a feasibility study prior to metering
system installation. The feasibility study could help determine which metering
system would work best in any given project application. As explained in find-
ing 4.3.7, in the Sudbury Public Housing Development, a feasibility study was
not commissioned to determine which metering system would work best within
the development. Because a feasibility study was not commissioned, there were
many problems with the metering system.
5.4 recommendations relating to experienced engineers and con-
tractors
We heard from interviewees at all three sites that the experience of the en-
gineers working on the project makes a huge difference in the project planning
and installation processes. We therefore recommend that:
5.4.1 We recommend that project sites work with engineering firms and contractors that
are familiar with renewable technologies
As mentioned in finding in 4.3.4.1 Amherst College we learned that having
experienced engineers can improve the implementation of the project. Working
with experienced engineers allowed the maintenance staff at Amherst College
to have access to support when dealing with small issues in the startup of their
biomass boiler system. The engineers Amherst College worked with were very
experienced with biomass boilers and installations. This experience instilled a
sense of confidence and comfort in the staff at Amherst College. On the other
hand, as listed in findings 4.3.4.2 and 4.3.4.3,after studying Sudbury Housing De-
velopment and Southern Berkshire Regional School we learned that having inex-
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perienced engineers could delay the schedule of the project and the construction
itself.
5.4.2 We recommend that the DOER provide a list of engineering firms and contractors that
are familiar with each type of renewable thermal technology to each project site
The use of renewable resources is something relatively new so it is no sur-
prise that sometimes it can be hard to find experienced engineers and contractors
when installing these renewable heating and cooling systems. For this reason,
we recommend that the DOER provide a list of engineering firms and contrac-
tors that are familiar with each type of renewable thermal technology to each
project site. Project site leaders could use this list when searching for engineering
firms/contractors to complete the installation of a renewable thermal technology,
and also if they feel that they require a second opinion regarding any aspect of
the project design.
5.4.3 We recommend that there be investment in educating contractors and electricians in
renewable thermal technology
As the renewable thermal industry expands, these renewable thermal projects
can have a big impact on fossil fuel dependence and greenhouse gas emissions
in communities, and in a greater scale, they can impact the U.S. and the world.
The DOER aims to implement more as renewable thermal projects and as this
industry grows, they will require more and more engineering firms/contractors
with experience in renewable technologies.
In order to meet the increasing demand for engineering firms/contractors
that are experienced with different types of renewable thermal technologies,
there must be a large effort placed into education regarding these renewable ther-
mal technologies. This education gap could be filled a number of ways. A few
examples include educational programs for contractors from the federal or state
governments, incentives from federal/state governments for contractors to at-
tend renewable technical courses in existing community college programs, and
increased education on renewable technologies within engineering firms them-
selves.
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5.5 conclusion
Through the collection and analysis of data from project site leaders at three
renewable thermal projects sponsored by the DOER, we achieved our goal to
support the DOER’s commitment to reducing greenhouse gas emissions in the
Commonwealth of Massachusetts by evaluating three renewable thermal pilot
projects to investigate ways to improve and promote the installation of renew-
able thermal heating and cooling systems by producing three informational case
studies. These case studies can be found in Appendix 5 along with a list of rec-
ommendations to both the DOER and potential project site leaders. The case
studies produced will both promote the DOER renewable thermal programs and
provide information to potential project site leaders that will, along with the list
of recommendations, aid in improving renewable thermal project processes. As
the number of successful renewable thermal projects increases in the Common-
wealth of Massachusetts, greenhouse gas emissions and fossil fuel dependence
will decrease, resulting in a healthier and more sustainable future
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A P P E N D I C E S
appendix 1 : powerwise information
Enclosed in this appendix are some examples and information about the
PowerWise monitoring service and its interface. This is the power monitoring
system that is being used in the Sudbury Public Housing Development. The data
comes from ammeters that are hooked into the circuit breaker panel of the house.
Those ammeters wirelessly transmit their readings to a server every minute, so
minute by minute data is available to be inspected and analyzed in real time. If
all the ammeters are connected and labeled properly, it is possible to differentiate
between appliances and get powerful insights.
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appendix 2 : example case study
Enclosed in this appendix is the example case study that was provided to us
by the DOER. This case study acted as a guideline and template when we cre-
ated case studies for the three project sites that we focused on.
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Briggs Elementary School, Ashburnham 
Wood Pellet Boiler 
OVERVIEW 
The John R. Briggs Elementary School in Ashburnham is the 
first public elementary school in Massachusetts to use a 
wood pellet boiler as its primary method of heating.   
With approximately 525 students in preschool through fifth 
grade, Briggs is one of three elementary schools in the 
Ashburnham-Westminster Regional School District in north-
central Massachusetts.  The new 87,000 square foot school 
opened in the fall of 2013 to replace an overcrowded 1960s 
building.  To reduce the school’s operating costs and 
reliance on fossil fuels, the John R. Briggs School Building 
Committee selected a wood pellet boiler.  The choice was 
supported by members of the Ashburnham-Westminster 
Regional School Committee and other local residents who 
had experience using wood boilers and other forms of 
renewable energy in their homes.   
The boiler is now operating successfully and serving as a 
model for other projects.  While the new building is over 
one and a half times larger than the one it replaced, the 
annual cost of fuel to generate heat and hot water has 
remained consistent, with the help of the wood pellet boiler. 
CASE STUDY 
Massachusetts Department of Energy Resources | 100 Cambridge Street, Suite 1020 | Boston, MA 02114 | (617) 626-7300 
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SYSTEM DESIGN AND OPERATION 
One Viessmann Pyrot 540 boiler was installed to heat water 
for space heating and domestic hot water.  The boiler heats 
the water to approximately 180oF and uses a 1,500 gallon 
tank for thermal storage.  It is fueled by wood pellets, 
which are made by compressing sawdust and wood 
shavings under high pressure.  The pellets are stored in a 
28 foot tall metal silo outside the school and automatically 
fed into the boiler on demand.  An indicator on the silo 
shows when the level of pellets is low.  Sandri, based in 
Greenfield, delivers pellets to the school every five weeks 
on average during the heating season.  The boiler uses 
approximately 169 tons of pellets per year. 
AT A GLANCE: 
i New 87,00 square foot building opened in 
2013 
i Wood pellet boiler provides space heating and 
domestic hot water, supplemented by a 
propane boiler 
i Pellets are automatically fed into the boiler 
from a silo behind the school 
i Fuel costs are consistent with the previous 
building, while the new school is one and a 
half times larger 
 
LEARN MORE: 
i Briggs Elementary School:  
http://jrb.awrsd.org 
i Renewable heating and cooling in 
Massachusetts: http://bit.ly/renewablethermal 
Briggs Elementary School Wood pellet boiler 
Student artwork celebrating the new heating system 
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RESULTS 
Ashburnham-Westminster Regional School District superintendent Ralph 
Hicks reports that the wood pellet boiler ran very smoothly in its second 
season, after working out some issues during the first year.  The boiler 
has been publicized to the community, and it contributed to the school’s 
national recognition as a Verified Leader through the Collaborative for 
High Performance Schools, which was celebrated in a community 
ceremony in June 2015. 
In the 2014-2015 heating season, the total annual fuel cost (wood pellets 
and propane combined) to generate heat and hot water at Briggs was 
approximately the same as the oil bills of $60,000 for the last year in the 
old building, though the new building is 74% larger in square footage. 
Following this success at Briggs, the school district is planning to replace 
the aging oil boiler at their middle school with a wood pellet boiler.   
LESSONS LEARNED	
To ensure a smooth startup process for new wood pellet boiler installations, 
school staff and the system installer have several recommendations: 
i Seek an experienced team – Wood pellet boilers are relatively new to 
the United States, though the industry is well developed in Europe.  
Because of key differences in operation between wood pellet and fossil 
fuel systems – such as longer startup and shutdown times and the 
importance of thermal storage – people with relevant experience should 
be involved from design through installation.  Boiler manufacturers, 
mostly based in Europe, can be a valuable resource when local expertise 
is limited. 
i Carefully consider any changes – After construction began at Briggs and 
piping was laid, the contractor selected a different brand of boiler than 
had been included in the initial design.  It is important to revisit and 
update the system design and commissioning plan if any changes are 
made to the equipment. 
i Be patient the first year – It can take some time to optimize operation 
of a new system and adapt to a new technology.  Investing time in 
training staff and refining system controls will contribute to long term 
success with a wood pellet boiler. 
The wood pellet boiler runs from October through April.  During the rest of 
the year, a propane boiler provides hot water and any heating needed.  
The propane boiler also serves as backup during maintenance of the wood 
pellet boiler.  There were issues early on with the interaction between the 
wood pellet and propane boilers, and they were addressed by modifying 
the programming of the building management system. 
Ash that results from the combustion process gets injected by an auger 
into a bin near the boiler.  The ash can serve as a substitute for lime, a 
supplement used to balance the pH of soil, so about once a month during 
the heating season, school custodians empty the ash bin and mix it into 
their loam pile for use in landscaping. 
To keep the wood pellet boiler running smoothly, it receives a full 
cleaning after approximately every 500 hours of operation.  During the 
first year, the installer did the cleanings and trained school custodians, 
and now the custodians clean the boiler themselves.  
Other elements of the new school were also designed to use resources 
efficiently.  The building was designed to take advantage of natural light 
and includes energy-efficiency measures such as an automated lighting 
system with dimmers.  Many of the building materials, such as the ceiling 
tiles, were made from recycled materials.  Water-efficient plumbing 
fixtures were used throughout the building. 
An auger injects pellets into the boiler 
Ash is injected into bin and emptied monthly 
A truck delivers pellets about every five weeks 
Pellets are stored in a silo behind the school 
appendix 3 : interview questions
Below find the interview questions for each site along with the reasoning for
asking each question. The interview questions are presented in the following or-
der: Amherst College, Southern Berkshire Regional School, and Sudbury Public
Housing Development.
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These questions act as a guide for the conversations we will have with the 
on-site stakeholders involved in the projects. The questions are meant to act as a 
reminder to our team as to what information is necessary, not a strict 
conversation timeline. Some information may be obtained from other sources 
such as feasibility studies, benchmarking tools, utility bills, etc.
Southern Berkshire Regional School:
Why did you decide to go through with this project? What drove the project 
process? Were you motivated by being green? To get a sense of why they 
decided to go through with the project in the first place. To see if their 
motivations were financial, environmental, a combination, or something else.
What was your biggest concern when this project was proposed? To get an 
overall reasoning of the biggest challenge that a project of this type could face. 
Why did you choose to install a renewable energy system and not continue 
using fossil fuels? To get a better understanding of why the decided to move 
forward with a renewable energy system (i.e. were there motivations financial, 
environmental, or both).
Why did you choose to install a Biomass system over another renewable 
system? To get a sense of why one system is better than the other system, or why 
in this project one system will provide more benefits than the other. 
• Cost
o Did the cost presented in the feasibility study match the actual 
cost of installation? To determine how accurate the feasibility 
study was.
o Was cost a large concern when considering this project? To 
determine how cost influence decision-making. 
o Was it difficult for you to fund this project? To determine the 
effectiveness of the grants and other financial help the state 
provides.
▪ Grants
• The feasibility study you were presented with 
included expected grants in the cost analysis. 
Were you able to successfully obtain these 
grants? To determine the ease of application and 
reception of government grants from the 
applicant’s side.
• Were you able to find additional grants to help 
finance your project? To better understand how 
the project was financed. 
• How easy was it to apply to them? To gain 
information on third party grants for comparison 
with the state grants.
▪ Return on Investment
• Are you on track to break even at or before that 
point? Or have you already hit it? This will be 
useful to predict if the project will reach the break 
even point by the desired time. 
▪ Maintenance cost
• How does the cost of maintenance compare to 
your old system? To better understand the 
maintenance of these new systems compared to the 
old standards.
▪ Unexpected Cost
• Any cost that was not previously assumed? To 
make sure we get the full picture and to make 
future feasibility studies more complete.
• Savings
o Energy Savings
▪ Have you seen any energy savings associated with the 
implementation of this project? To understand if the 
users notice a significant difference in energy efficiency
▪ If so, how much? (If you know)
o Cost Savings
▪ Was the cost savings of heating and cooling a factor in 
deciding to go through with the project? To understand 
what factors were an incentive for the school
▪ Have the heating and cooling cost savings matched that 
presented in the feasibility study? In order to really 
understand if the renewable system is working as 
expected, and it is cheaper than fossil fuels. 
o Gas Emission Savings?  In order to really understand if the 
renewable system is working as expected, and that if it really 
reduces the gas emissions. 
• Feasibility
o Building Space
▪ Was the feasibility report accurate in the amount of 
building space that would be used? In order to to 
understand how a future project could vary from the 
feasibility study. 
▪ Were you able to fit all of the equipment in a non-
invasive manner?
o Timeline
▪ How long did it take to finish the project? For case 
studies to inform future potential project sites and to 
verify the accuracy of the feasibility study.
▪ Did you face any obstacles that made the project take 
longer than expected? To get the full picture and possibly 
modify future feasibility studies to be more complete.
o Biomass Availability
▪ Why Biomass? In order to understand if biomass is better 
than geothermal, or any other type of renewable energy. 
▪ How reliable is the source of biomass you are currently 
working with? To get information for the case studies to 
reassure future potential projects about the reliability of 
the fuel.
▪ Have you ever ran out of biomass? If so was it because of 
the overuse or because you weren’t able to obtain 
biomass on time? In order to know if you can rely on 
biomass. 
o Maintenance Time
▪ Does maintenance require the turning off of the heating 
system? If so, for how long? Has this been an obstacle 
you have faced before? This is really important because 
you would be turning the heating system, and it could 
affect the people in some sort. 
• Aesthetics
o Does the machinery affect the learning process in classrooms 
nearby it? (Loud sounds, temperature, bad smell, etc) To better 
be able to address sites’ concerns about disturbances with respect 
to the learning process in schools.
o Does the machinery detract from the visual, olfactory, or 
audible appeal of your building? To better be able to address 
sites’ concerns about aesthetic disturbances.
• Community Support
o Were there people that did not support the project? To 
understand how the public generally feels about these projects 
before they are implemented. To understand how much the public 
trusts these new technologies.
▪ What were their concerns?
▪ What role did they play in the community?
▪ Was this a large obstacle for you to overcome with the 
project process?
o How hard was it to convince people that this was an 
improvement for the school? To understand how easy it is to 
persuade people to trust these systems.
o How did you go about gaining support for this renovation? To 
get examples and ideas for future sites about how to influence the 
public to trust and want these systems.
• Other
o Have you made other changes to the building? (Insulation, 
structure, etc). Other changes such as insulation could cause a lot 
of energy savings that are not mainly because of the renewable 
heating system. If we do not take into account our results won't be 
a 100% accurate. 
o Have you been able to use this new technology as a teaching 
instrument for the children in the school about renewable 
technologies? Children are the leaders of tomorrow, and teaching 
students about the advantages of renewable energy will bring a 
change in the world. 
Amherst College:
Why did you decide to go through with this project? What drove the project 
process? Were you motivated by being green? To get a sense of why they 
decided to go through with the project in the first place. To see if their 
motivations were financial, environmental, a combination, or something else.
What was your biggest concern when this project was proposed? To get an 
overall reasoning of the biggest challenge that a project of this type could face. 
Why did you choose to install a renewable energy system and not continue 
using fossil fuels? To get a better understanding of why the decided to move 
forward with a renewable energy system (i.e. were there motivations financial, 
environmental, or both).
Why did you choose to install a Biomass system over another renewable 
system? To get a sense of why one system is better than the other system, or why 
in this project one system will provide more benefits than the other. 
• Cost
o Did the cost presented in the feasibility study match the actual 
cost of installation? To determine how accurate the feasibility 
study was.
o Was cost a large concern when considering this project? To 
determine how cost influence decision-making. 
o Was it difficult for you to fund this project? To determine the 
effectiveness of the grants and other financial help the state 
provides.
▪ Grants
• The feasibility study you were presented with 
included expected grants in the cost analysis. 
Were you able to successfully obtain these 
grants? To determine the ease of application and 
reception of government grants from the 
applicant’s side.
• Were you able to find additional grants to help 
finance your project? To better understand how 
the project was financed. 
• How easy was it to apply to them? To gain 
information on third party grants for comparison 
with the state grants.
▪ Return on Investment
• Are you on track to break even at or before that 
point? Or have you already hit it? This will be 
useful to predict if the project will reach the break 
even point by the desired time. 
▪ Maintenance cost
• If already implemented, was the cost of 
maintenance correctly quoted in the planning 
stages? To determine the accuracy of the feasibility 
study.
• How does the cost of maintenance compare to 
your old system? To better understand the 
maintenance of these new systems compared to the 
old standards.
▪ Unexpected Cost
• Any cost that was not previously assumed? To 
make sure we get the full picture and to make 
future feasibility studies more complete.
• Savings
o Energy Savings
▪ Have you seen any energy savings associated with the 
implementation of this project? To understand if the 
users notice a significant difference in energy efficiency
▪ If so, how much? (If you know)
o Cost Savings
▪ Was the cost savings of heating and cooling a factor in 
deciding to go through with the project? To understand 
what factors were an incentive for the school
▪ Have the heating and cooling cost savings matched that 
presented in the feasibility study? In order to really 
understand if the renewable system is working as 
expected, and it is cheaper than fossil fuels. 
o Gas Emission Savings?  In order to really understand if the 
renewable system is working as expected, and that if it really 
reduces the gas emissions. 
• Feasibility
o Building Space
▪ Was the feasibility report accurate in the amount of 
building space that would be used? In order to to 
understand how a future project could vary from the 
feasibility study. 
▪ Were you able to fit all of the equipment in a non-
invasive manner?
o Timeline
▪ How long did it take to finish the project? For case 
studies to inform future potential project sites and to 
verify the accuracy of the feasibility study.
▪ Did you face any obstacles that made the project take 
longer than expected? To get the full picture and possibly 
modify future feasibility studies to be more complete.
o Biomass Availability
▪ Why Biomass? In order to understand if biomass is better 
than geothermal, or any other type of renewable energy. 
▪ How reliable is the source of biomass you are currently 
working with? To get information for the case studies to 
reassure future potential projects about the reliability of 
the fuel.
▪ Have you ever ran out of biomass? If so was it because of 
the overuse or because you weren’t able to obtain 
biomass on time? In order to know if you can rely on 
biomass. 
o Maintenance Time
▪ How frequently is maintenance required? In order to 
compare the maintenance of the renewable system vs. the 
maintenance of a system working on fossil fuel. 
▪ Is it expensive? To know if it is more expensive than the 
maintenance of a system that is based on fossil fuel. 
▪ Does maintenance require the turning off of the heating 
system? If so, for how long? Has this been an obstacle 
you have faced before? This is really important because 
you would be turning the heating system, and it could 
affect the people in some sort. 
• Aesthetics
o Does the machinery affect the learning process in classrooms 
nearby it? (Loud sounds, temperature, bad smell, etc) To better 
be able to address sites’ concerns about disturbances with respect 
to the learning process in schools.
o Does the machinery detract from the visual, olfactory, or 
audible appeal of your building? To better be able to address 
sites’ concerns about aesthetic disturbances.
• Community Support
o Were there people that did not support the project? To 
understand how the public generally feels about these projects 
before they are implemented. To understand how much the public 
trusts these new technologies.\
▪ What were their concerns?
▪ What role did they play in the community?
▪ Was this a large obstacle for you to overcome with the 
project process?
o How hard was it to convince people that this was an 
improvement for the school? To understand how easy it is to 
persuade people to trust these systems.
o How did you go about gaining support for this renovation? To 
get examples and ideas for future sites about how to influence the 
public to trust and want these systems.
• Other
o Have you made other changes to the building? (Insulation, 
structure, etc). Other changes such as insulation could cause a lot 
of energy savings that are not mainly because of the renewable 
heating system. If we do not take into account our results won't be 
a 100% accurate. 
o Have you been able to use this new technology as a teaching 
instrument for the children in the school about renewable 
technologies? Children are the leaders of tomorrow, and teaching 
students about the advantages of renewable energy will bring a 
change in the world. 
Sudbury Public Housing:
Why did you decide to go through with this project? What drove the project 
process? Were you motivated by being green? To get a sense of why they 
decided to go through with the project in the first place. To see if their 
motivations were financial, environmental, a combination, or something else.
What was your biggest concern when this project was proposed? To get an 
overall reasoning of the biggest challenge that a project of this type could face. 
Why did you choose to install a renewable energy system and not continue 
using fossil fuels? To get a better understanding of why the decided to move 
forward with a renewable energy system (i.e. were there motivations financial, 
environmental, or both).
Why did you choose to install an Air Source Heat Pump system over another 
renewable system? To get a sense of why one system is better than the other 
system, or why in this project one system will provide more benefits than the 
other.  
• Cost
o Did the cost presented in the feasibility study match the actual 
cost of installation? To determine how accurate the feasibility 
study was.
o Was cost a large concern when considering this project? To 
determine how cost influence decision-making. 
o Was it difficult for you to fund this project? To determine the 
effectiveness of the grants and other financial help the state 
provides.
▪ Grants
• The feasibility study you were presented with 
included expected grants in the cost analysis. 
Were you able to successfully obtain these 
grants? To determine the ease of application and 
reception of government grants from the 
applicant’s side.
• Were you able to find additional grants to help 
finance your project? To better understand how 
the project was financed. 
• How easy was it to apply to them? To gain 
information on third party grants for comparison 
with the state grants.
▪ Return on Investment
• What was your break-even point? To see if it 
matches the feasibility study
• Are you on track to break even at or before that 
point? Or have you already hit it? This will be 
useful to predict if the project will reach the break 
even point by the desired time. 
▪ Maintenance cost
• If already implemented, was the cost of 
maintenance correctly quoted in the planning 
stages? To determine the accuracy of the feasibility 
study.
• How does the cost of maintenance compare to 
your old system? To better understand the 
maintenance of these new systems compared to the 
old standards.
▪ Unexpected Cost
• Any cost that was not previously assumed? To 
make sure we get the full picture and to make 
future feasibility studies more complete.
• Savings
o Energy Savings
▪ Have you seen any energy savings associated with the 
implementation of this project? To understand if the 
users notice a significant difference in energy efficiency
▪ If so, how much? (If you know)
o Cost Savings
▪ Was the cost savings of heating and cooling a factor in 
deciding to go through with the project? To understand 
what factors were an incentive for the school
▪ Have the heating and cooling cost savings matched that 
presented in the feasibility study? In order to really 
understand if the renewable system is working as 
expected, and it is cheaper than fossil fuels. 
▪ Gas Emission Savings?  In order to really understand if 
the renewable system is working as expected, and that if it 
really reduces the gas emissions. 
• Feasibility
o Building Space
▪ Was the feasibility report accurate in the amount of 
building space that would be used? In order to to 
understand how a future project could vary from the 
feasibility study. 
▪ Were you able to fit all of the equipment in a non-
invasive manner?
o Timeline
▪ How long did it take to finish the project? For case 
studies to inform future potential project sites and to 
verify the accuracy of the feasibility study.
▪ Did you face any obstacles that made the project take 
longer than expected? To get the full picture and possibly 
modify future feasibility studies to be more complete.
o Biomass Availability
▪ Why Biomass? In order to understand if biomass is better 
than geothermal, or any other type of renewable energy. 
▪ How reliable is the source of biomass you are currently 
working with? To get information for the case studies to 
reassure future potential projects about the reliability of 
the fuel.
▪ Have you ever ran out of biomass? If so was it because of 
the overuse or because you weren’t able to obtain 
biomass on time? In order to know if you can rely on 
biomass. 
o Maintenance Time
▪ How frequently is maintenance required? In order to 
compare the maintenance of the renewable system vs. the 
maintenance of a system working on fossil fuel. 
▪ Is it expensive? To know if it is more expensive than the 
maintenance of a system that is based on fossil fuel. 
▪ Does maintenance require the turning off of the heating 
system? If so, for how long? Has this been an obstacle 
you have faced before? This is really important because 
you would be turning the heating system, and it could 
affect the people in some sort. 
• Aesthetics
o Does the machinery affect the learning process in classrooms 
nearby it? (Loud sounds, temperature, bad smell, etc) To better 
be able to address sites’ concerns about disturbances with respect 
to the learning process in schools.
o Does the machinery detract from the visual, olfactory, or 
audible appeal of your building? To better be able to address 
sites’ concerns about aesthetic disturbances.
• Community Support
o Were there people that did not support the project? To 
understand how the public generally feels about these projects 
before they are implemented. To understand how much the public 
trusts these new technologies.
▪ What were their concerns?
▪ What role did they play in the community?
▪ Was this a large obstacle for you to overcome with the 
project process?
o How hard was it to convince people that this was an 
improvement for the school? To understand how easy it is to 
persuade people to trust these systems.
o How did you go about gaining support for this renovation? To 
get examples and ideas for future sites about how to influence the 
public to trust and want these systems.
• Other
o Have you made other changes to the building? (Insulation, 
structure, etc). Other changes such as insulation could cause a lot 
of energy savings that are not mainly because of the renewable 
heating system. If we do not take into account our results won't be 
a 100% accurate. 
o Have you been able to use this new technology as a teaching 
instrument for the children in the school about renewable 
technologies? Children are the leaders of tomorrow, and teaching 
students about the advantages of renewable energy will bring a 
change in the world. 
appendix 4 : on-site information gathering guides
The on-site information gathering guides for each site can be found below.
Each site has its own gathering guide and included in each gathering guide is
the information we had access to prior to our interviews. This information was
obtained from feasibility studies of each site.
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On-Site Information Gathering Guide
Amherst
Cost:
Question Source Answer Completed
Why did you decide to go through with 
this project? What drove the project 
process? Were you motivated by being 
green?
Interview
What was your biggest concern when this 
project was proposed?
Interview
Why did you choose to install a renewable 
energy system and not continue using 
fossil fuels?
Interview
Why did you choose to install a Biomass 
system over another renewable system?
Interview
Question Source Answer Completed
Average annual heating 
oil costs before the 
project.
RTDE 
Application
Consumed 6,000 
gallons of oil per 
year. Annual heating 
cost is $21,000.
9/8/2015
Annual heating/cooling 
costs after the project
Project cost presented in 
feasibility study
RTDE 
Application
Total projected cost is 
$275,000. Only 75% 
was funded, 
$205,000.
9/8/2015
Actual project cost
Were grants successfully 
obtained?
Any unexpected costs? 
What were they? Could 
they have been avoided
Interview & 
numerical 
data
Break-even point 
presented in feasibility 
study
RTDE 
Application
20 years 9/8/2015
Actual break-even point 
calculated based on 
current energy cost 
savings
Fuel cost with old 
system?
RTDE 
Application
$21,000 9/8/2015
Projected fuel cost with 
new system?
RTDE 
Application
$11,050 9/8/2015
Projected fuel cost 
savings?
RTDE 
Application
$9,940 per year 9/8/2015
Projected Annual 
Maintenance Cost
Feasibility 
Study
$2,500/year 9/8/2015
Actual Maintenance Cost
Maintenance cost of old 
system
Was cost a large concern 
when considering this 
project?
Interview
Was it difficult to fund 
this project?
Interview
Did you use any grants 
to fund the project?
Interview
How hard was it to 
receive these grants?
Interview
Savings:
Feasibility:
Question Source Answer Completed
Actual annual energy use?
Amount of energy savings (if any)
Amount of gas emission savings
Was the cost savings of heating and cooling 
a factor in deciding to do the project?
Interview
Question Source Answer Completed
Amount of space required 
presented in feasibility 
report.
RTDE 
Application
Silo: 26’ high 
and 12’ in 
diameter.
New boiler 
building: 12’ x 
24’
9/8/2015
Actual space required
Actual system energy 
efficiency
RTDE 
Application
78% 9/8/2015
New system energy 
efficiency?
RTDE 
Application
85% 9/8/2015
Is the system working to its 
maximum efficiency?
Interview/Bills
Timeline presented in 
feasibility study
RTDE 
Application
Construction 
start date was 
Oct,2nd.
Anticipated 
completion date 
was Nov.26th.
9/8/2015
Actual project timeline
Aesthetics:
Was the equipment installed 
in a non-invasive manner/
location?
Interview
Did you face any obstacles 
that made the project take 
longer than expected?
Interview
Why did you choose to work 
with Biomass?
Interview
How reliable is the biomass 
source you are working with?
Interview
Have you had any problems 
with biomass availability?
Interview
How frequently is 
maintenance required? How 
does this compare to the old 
system;s maintenance 
requirements?
Interview
Does maintenance require 
turning off of the heating 
system? If so, for how long? 
Has this been an obstacle you 
have faced before?
Interview
Question Source Answer Completed
Does the machinery affect the learning 
process in the classrooms nearby? (Loud 
sounds, temperature, bad smell, etc.)
Interview
Does the machinery detract from the visual, 
olfactory, or audible appeal of your 
building?
Interview
Was there concerns about the silo’s 
aesthetics?
Interview
Community Support?
Other
Case Study:
Where did you put the silo?/How did you 
combat the aesthetic issue?
Interview
Question Source Answer Completed
Where there people in the community that 
did not support the project? (What were 
their concerns? What role did they play in 
the community? Was this a large obstacle 
for you to overcome in the project process?)
Interview
Was it difficult to convince people that this 
was an improvement for the school?
Interview
How did you gain support for the 
renovation?
Interview
Question Source Answer Completed
Have you made other changes to the 
building? (insulation, structure, etc.)
Interview
Have you been able to use this technology 
as a teaching instrument for the children in 
the school about renewable technologies?
Question Source Answer Completed
Would you have liked to have been 
presented with something similar when 
considering this project?
Interview
Picture Checklist:
On-Site Information Gathering Guide
Southern Berkshire
Cost:
What would you change about the case 
study to make it more useful?
Interview
Picture Comments Completed
Front of building
Silo
Boiler System
Building Diagram
Diagram of installation
Question Source Answer Completed
Why did you decide to go through with 
this project? What drove the project 
process? Were you motivated by being 
green?
Interview
What was your biggest concern when this 
project was proposed?
Interview
Why did you choose to install a renewable 
energy system and not continue using 
fossil fuels?
Interview
Why did you choose to install a Biomass 
system over another renewable system?
Interview
Question Source Answer Completed
Average annual 
heating oil costs 
before the project.
BEAM feasibility 
study
$200,688, 9146 
MMBtus oil/year.
81,076 gallons of 
oil per year
9/8/2015
Project cost 
presented in 
feasibility study
BEAM feasibility 
study
_________________
Press and 
community QA
Accepted Bid
$1,028,000.
Grants: $360,000 
DOER, MSBA 
$195,000
_____________
Roof repair 
included:
$7,741,013.00 
dollars total
MSBA Grant: 
$2,743,157.00 (39%)
DOER Grant: 
$360,000 (for boile
$1,543,662.00
9/9/2015
Were these grants 
successfully 
obtained?
Interview
Any unexpected 
costs? What were 
they? Could they 
have been avoided
Interview & 
numerical data
Break-even point 
presented in 
feasibility study
BEAM feasibility 
study
approx. $91,000 
fuel savings/year
5.3 years
9/8/2015
Projected 
Maintenance Cost
BEAM feasibility 
study
$10,000/year 9/8/2015
Maintenance cost of 
old system
Interview
Was cost a large 
concern when 
considering this 
project?
Interview
Savings:
Feasibility:
Was it difficult to 
fund this project?
Interview
Did you use any 
grants to fund the 
project?
Interview
How hard was it to 
receive these 
grants?
Interview
Question Source Answer Completed
Amount of energy 
savings (if any)
Berkshire 
Regional 
Press
Roof Insulation
Amount of gas emission 
savings (Projected)
Beam 
feasibility 
study
85% reduction, 
decreased by 801.4 tons 
annually, 24,042 tons 
lifetime of equipment
9/8/2015
Was the cost savings of 
heating and cooling a 
factor in deciding to do 
the project?
Interview
Question Source Answer Completed
Amount of space 
required presented 
in feasibility report.
BEAM feasibility 
study
_________________
RDK Draft Boiler & 
Roofing 
Replacement Study 
2015
25’ by 30’ area. 
Existing boiler room 
was not large 
enough. Space to the 
west
side of the school, 
adjacent to the 
underground oil 
tanks was 
recommended.
_________________
Existing boiler room 
with reconfiguration 
plus space for 12’ 
diameter, 25-30’ tall 
silo outside
9/8/2015
Actual space 
required
Timeline presented 
in feasibility study
RDK-Dietz Boiler 
Feasibility Study
December 2014 
(design phase)-
September 31 2015 
(end construction)
Construction phase 
May 4,2015- 
September 31,2015
9/8/2015
Actual project 
timeline
Interview
Was the equipment 
installed in a non-
invasive manner/
location?
Interview
Did you face any 
obstacles that made 
the project take 
longer than 
expected?
Interview
Aesthetics:
Why did you choose 
to work with 
Biomass?
Interview
How reliable is the 
biomass source you 
are working with?
Interview
Have you had any 
problems with 
biomass 
availability?
Interview
How frequently will 
maintenance be
required? 
(projected)
BEAM feasibility 
study
Daily: alerts checked
Weekly: adjusting 
fuel input, checking 
burnout and exhaust 
stack temperatures.
Ash removal: every 
300 to 500 hours of 
operation.
Potential 5-10 year 
replacement: Auger
Potential 10-20 year 
replacement: 
pumps, burn pot
9/8/2015
How does this 
compare to the old 
system’s 
maintenance 
requirements?
Interview
Does maintenance 
require turning off 
of the heating 
system? If so, for 
how long? Has this 
been an obstacle you 
have faced before?
Interview
Community Support?
Other:
Case Study:
Question Source Answer Completed
Does the machinery affect the learning 
process in the classrooms nearby? (Loud 
sounds, temperature, bad smell, etc.)
Interview
Does the machinery detract from the visual, 
olfactory, or audible appeal of your 
building?
Interview
Were there concerns about the silo’s 
aesthetics?
Interview
Where did you put the silo?/How did you 
combat the aesthetic issue?
Interview
Question Source Answer Completed
Where there people in the community that 
did not support the project? (What were 
their concerns? What role did they play in 
the community? Was this a large obstacle 
for you to overcome in the project process?)
Interview
Was it difficult to convince people that this 
was an improvement for the school?
Interview
How did you gain support for the 
renovation?
Interview
Question Source Answer Completed
Have you made other changes to the 
building? (insulation, structure, etc.)
Interview
Have you been able to use this technology 
as a teaching instrument for the children in 
the school about renewable technologies?
Interview
Question Source Answer Completed
Picture Checklist:
On-Site Information Gathering Guide
Sudbury
Cost:
Would you have liked to have been 
presented with something similar when 
considering this project?
Interview
What would you change about the case 
study to make it more useful?
Interview
Picture Comments Completed
Front of building
Silo
Boiler System
Building Diagram
Diagram of installation
Question Source Answer Completed
Why did you decide to go through with 
this project? What drove the project 
process? Were you motivated by being 
green?
Interview
What was your biggest concern when this 
project was proposed?
Interview
Why did you choose to install a renewable 
energy system and not continue using 
fossil fuels?
Interview
Why did you choose to install a Biomass 
system over another renewable system?
Interview
Question Source Answer Completed
Savings:
Average annual heating oil costs 
before the project.
Annual heating/cooling costs after 
the project
Project cost presented prior to 
implementation
Actual project cost
Any unexpected costs? What were 
they? Could they have been avoided
Interview & 
numerical data
Break-even point presented in 
feasibility study (if applicable)
Actual break-even point calculated 
based on current energy cost savings
Fuel cost with old system?
Projected fuel cost with new system?
Projected fuel cost savings per year?
Projected Maintenance Cost
Actual Maintenance Cost
Maintenance cost of old system
Was cost a large concern when 
considering this project?
Interview
Was it difficult to fund this project? Interview
Did you use any grants to fund the 
project?
Interview
How hard was it to receive these 
grants?
Interview
Question Source Answer Completed
 Aesthetics:
Community Support?
Other:
Amount of energy savings (if any)
Amount of gas emission savings
Was the cost savings of heating and cooling 
a factor in deciding to do the project?
Interview
Question Source Answer Completed
Does the machinery affect the learning 
process in the classrooms nearby? (Loud 
sounds, temperature, bad smell, etc.)
Interview
Does the machinery detract from the visual, 
olfactory, or audible appeal of your 
building?
Interview
Question Source Answer Completed
Where there people in the community that 
did not support the project?(What were 
their concerns? What role did they play in 
the community? Was this a large obstacle 
for you to overcome in the project process?)
Interview
Was it difficult to convince people that this 
was an improvement for the housing 
development?
Interview
How did you gain support for the 
renovation?
Interview
Question Source Answer Completed
Case Study:
Picture Checklist:
Unit A.C manufacturer and model
Have you made other changes to the 
building? (insulation, structure, etc.)
Interview
Have you been able to use this technology 
as a teaching instrument for the children in 
the school about renewable technologies?
Interview
Question Source Answer Completed
Would you have liked to have been 
presented with something similar when 
considering this project?
Interview
What would you change about the case 
study to make it more useful?
Interview
Picture Comments Completed
Front of building
Silo
Boiler System
Building Diagram
Diagram of installation
appendix 5 : deliverables : case studies
Enclosed in this appendix are the case studies that we produced for the DOER
as the project deliverables.
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Year-round Heating with Biomass Boilers 
Amherst, Massachusetts 
OVERVIEW 
The Bunker in Amherst, MA was originally a strategic air command 
bunker for the US military during the Cold War. In 1992, Amherst 
College bought the building for use as a book depository for the Five 
College Consortium in Amherst. 
With approximately 10 employees inhabiting the building daily, the 
Amherst College bunker building is an off campus book storage 
facility. An AC unit runs to dehumidify the air and then the air is 
reheated to control the room temperature year-round in order to 
maintain the necessary temperature to maintain books of all types. 
With their two oil boilers approaching the end of life expectancy, 
Amherst College looked into other alternatives.  A pair of wood pellet 
boilers were selected due to grant availability from the DOER as well 
as to reduce the building’s heating costs and reliance on fossil fuels. 
The boilers are now operating successfully and serving as a model for 
other projects. The new biomass boilers are now saving the facility 
around $10,000 each year, almost half of what they spent annually on 
heating oil in the past. 
CASE STUDY 
Massachusetts Department of Energy Resources | 100 Cambridge Street, Suite 1020 | Boston, MA 02114 | (617) 626-7300 
Creating A Cleaner Energy Future For the Commonwealth               www.mass.gov/doer                  October 2015 
SYSTEM DESIGN AND INSTALLATION 
Two Froling P4 100 boilers were installed to heat water for space 
heating and domestic hot water. While the boilers heat the water 
to approximately 180 °F, Amherst College saves energy by only 
sending 115-120 °F water in to heat the building. The system also 
improves efficiency by utilizing a 600 gallon thermal storage tank 
as a heat sink for the extra hot water . The boilers are fueled by wood pellets, which are made by compressing sawdust and wood 
shavings under high pressure. The pellets are stored in a 26 foot tall metal silo outside the bunker and are pneumatically fed into 
the boilers automatically whenever needed. Windows on the silo show when the level of pellets is low. Since the new boilers were 
installed in a new boiler building, Amherst College was able to keep the heat on with the old oil boilers until the wood pellet 
boilers were fully installed.  
AT A GLANCE: 
 50,000 square foot military bunker repurposed into 
book storage facility for the Five College 
Consortium in Amherst. 
 Two new wood pellet boilers provide space heating 
year-round while an AC unit dehumidifies. 
 DOER grant money funded $205,000 (75%) of the 
installation cost. 
 Predicted to save about $10,000 (47%) annually 
on heating and cooling costs. 
 
LEARN MORE: 
 Five College Library Repository Collection: 
https://www.fivecolleges.edu/libraries/depository 
 Renewable Massachusetts: 
http://bit.ly/renewablethermal 
Wood pellet boiler 
Froling P4 100 Wood Pellet Boilers  
Amherst College Bunker Building 
 Massachusetts Department of Energy Resources | 100 Cambridge Street, Suite 1020 | Boston, MA 02114 | (617) 626-7300 
Creating A Cleaner Energy Future For the Commonwealth               www.mass.gov/doer                  October 2015 
PROJECT OUTCOMES 
Amherst College mechanical shop supervisor reports that the wood pellet boilers have been running very smoothly since the system’s 
installation. The maintenance staff is very pleased with the quality of heat provided to the building and with the system itself. There 
are no complaints regarding issues with sound, smell, or reliability of the system. In the first four and a half months the boilers have 
been online, they’ve used 11.7 tons of pellets, which points toward hitting the predicted mark of saving approximately $10,000 
annually when compared to the price of heating the building with the old oil boilers.  
LESSONS LEARNED 
To ensure a smooth startup process for new wood pellet boiler installations, the DOER has some recommendations:  
 Seek an experienced team – Amherst College was fortunate to work with experienced engineers throughout this project which 
allowed for a relatively smooth project process. Wood pellet boilers are relatively new to the United States, though the industry is 
well developed in Europe. Because of key differences in operation between wood pellet and fossil fuel systems – such as longer 
startup and shutdown times and the importance of thermal storage – people with relevant experience should be involved from 
design through installation. Boiler manufacturers, mostly based in Europe, can be a valuable resource when local expertise is 
limited.  
 Prepare for a changing timeline – Construction was set to take place between October 2nd-November 26th. Due to delays in the 
design process, construction began in December. Since construction occurred in the winter, there were weather related setbacks 
and the biomass system was not placed online until April 1st. However, due to proper planning and preparation, this delay did not 
affect the school’s ability to maintain proper climate for the books. Since the project involved constructing a separate boiler 
building, the school was able to use their old oil boilers throughout the project installation process. 
Amherst College has implemented a number of other changes to the building's 
climate control system to improve energy efficiency. They’ve lowered the 
temperature setpoint in the building from 70 °F to 60 °F and installed infrared heaters 
over the desks of the few people who work there daily. There are also now motion 
sensors in some areas to trigger the lights so they don’t use as much energy on 
lighting. This compounds with the improvements from changing over to biomass 
heating, and increases the energy efficiency of the building even further.  
OPERATIONS 
A pellet provider based in Greenfield delivers pellets to the school every 4-5 months 
on average throughout the year. The boilers are projected to use approximately 47 
tons of pellets per year. While Amherst College has only received 2 deliveries so far, 
they feel very confident in the availability and reliability of pellet supply moving 
forward. Pellet pricing has remained constant, which insulates the school from oil 
price spikes. Additionally, ash that results from the combustion process is deposited 
into a bin near the boiler that must be emptied into the grass or woods nearby every 
one to two months. 
WORKING WITH EXPERIENCED ENGINEERS 
Amherst college had a very good experience working with the engineering firm that 
installed their new boilers. They have been working with biomass technology for many 
years now and are considered New England’s pioneers in wood pellet burning boilers. 
The bunker building’s wood pellet boilers have a sophisticated monitoring system built 
into them, which the engineering firm remotely monitors over the internet. This is very 
helpful for the maintenance staff at Amherst because it gives them additional security 
in knowing that the system is functioning correctly while they learn about the system 
for themselves. 
The engineering firm will also help Amherst College maintenance staff do the first 
annual maintenance on the boilers. This will give Amherst College maintenance staff 
the necessary knowledge and experience to take care of their system on their own in 
the future. Thanks to the engineering firm, the system was designed such that one 
boiler can provide heat to the building; this means that one boiler can be turned off for 
cleaning and the bunker will still have full heat.  
Boiler Room 
8000gl. Thermal Storage Tank 
  
Publicly Funded Biomass Heating 
Southern Berkshire Regional School 
OVERVIEW 
The Southern Berkshire Regional School is a 220,000 ft2 facility in 
Sheffield, MA that is split into a high school wing and an elementary 
school wing and serves 845 students and faculty. The school is heated 
from October to April in order to maintain room temperature for the 
students and faculty. Previous to the biomass project installation, the 
school was heated with Weil McLain oil boilers that used #2 heating 
oil. 
The school’s roof was in disrepair and the oil boilers were approaching 
the end of life expectancy. The District Grant Coordinator looked into 
the Massachusetts School Building Authority (MSBA) in the hopes of 
finding funding for the very expensive roof renovation and biomass 
boilers. Through this contact, they learned of the DOER’s SAPHIRE 
grant for renewable thermal technologies, which prompted them to 
look into and eventually choose biomass boilers. The Southern 
Berkshire Regional School District secured grants for the biomass 
project from both the DOER and the MSBA totaling over 40% of the 
projected costs. The school expects to save approximately $66,000 per 
year on heating costs with the new system. Additionally, air pollutants 
are projected to be reduced by 80-90% with 801.4 tons of CO2 
avoided annually. 
As of September 2015, the boilers have arrived onsite at the 
Southern Berkshire Regional School and the boilers are 
expected to be online by the end of October 2015.  
CASE STUDY 
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SYSTEM DESIGN AND INSTALLATION 
The system is made up of two Veissman Pyrot 540 wood pellet boilers and a backup oil boiler. The wood pellet boilers heat water 
to approximately 180 °F and use a 3000 gallon thermal storage tank as a buffer to improve efficiency. The biomass boilers are 
fueled by wood pellets, which are made by compressing sawdust and wood shavings under high pressure. These pellets are stored 
in a large metal silo in the back of the school and are automatically fed into the boilers as needed with an auger. Windows on the 
silo show when the level of the pellets is low. The use of a silo for pellet storage is often preferred as it can be positioned to allow 
for close access to the boilers. Fortunately, the position of the boiler room within the school allowed for the silo to be placed 
behind the school next to the school dumpster, where it would not be seen from the street, alleviating concerns about aesthetics. 
During the installation, there were some delays getting the biomass boilers delivered, so the oil boiler was installed first. The 
backup oil boiler is sized at ⅔ capacity, so it would be able to heat the building throughout the fall in the case that the biomass 
boilers were not online in time. The backup oil boiler uses costly #2 heating oil when in use, but the facility manager expects to 
not have to use it very often once the biomass boilers are fully operational. 
AT A GLANCE: 
 220,000 square foot school building, housing both 
an elementary school and a high school 
 Two wood pellet boilers provide space heating 
with an oil boiler on standby as a backup 
 Close to 60% of $1.5 million cost funded publicly 
by the community. Other 40% from DOER and 
MSBA grant money. 
 Projected to save about $66,000 (33%) annually 
on heating costs and provide stability against 
future spikes in oil costs  
 
LEARN MORE: 
 Southern Berkshire Regional School renovation: 
http://www.sbrsd.org/news4.html  
 Renewable heating and cooling in Massachusetts: 
http://bit.ly/renewablethermal 
Southern Berkshire Regional School Wood Pellet Boilers Southern Berkshire Regional School Aerial View 
Google Maps 
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The school has done a number of other energy efficiency improvements in recent years, which compound with this heating system 
upgrade to be even more effective. In 2010, they upgraded the energy management control system, which greatly reduced the amount 
of energy consumed by the school. The energy efficiency gains from the energy management control system, the new roof, and the new 
biomass boilers will all multiply to make this building supremely efficient. 
OPERATIONS AND MAINTENANCE 
To keep the wood pellet boilers running smoothly, they receive a full cleaning 
annually, which is comparable to the school’s old oil boiler system maintenance. The 
new system was designed such that  there is 100% redundancy, which means that 
heating the building while servicing a boiler won’t be a problem. Ash that results 
from the combustion process is deposited into a bin near the boiler. The maintenance 
staff will empty this ash every month or so. 
COMMUNITY SUPPORT 
Community support was very important to the success of this project. Due to the 
high upfront installation cost of the new boilers and the roof renovation, the school 
was not able to get full funding through grants. This meant that a large portion of the 
project would need to be paid for by the taxpayers of the community, to which the 
community was initially opposed. This very nearly blocked the project from going 
through. 
The District Grants Coordinator, in charge of the project, brought in biomass 
technology experts to educate the community on the reliability and efficiency of 
biomass. This helped improve community support because it helped the citizens 
begin to trust the technology as well as understand how the system is cleaner and 
cheaper than the oil alternative. To further gain support for the project, the District Grants Coordinator published a press release 
detailing how much each citizen’s taxes would increase as a result of the project going through. Seeing that it was only about $20/year, 
the support among the taxpayers again increased. Community support for this project in Southern Berkshire was grown through 
education and process transparency. 
PROJECT OUTCOMES 
While the construction for the biomass boiler installation is still in progress, the District Grants Coordinator and District Facilities 
Manager are very excited and optimistic regarding the biomass system. The new system is projected to save the school $66,000 or 33% 
on heating costs annually as well as reduce the school’s greenhouse gas emissions by 80-90% or 801.4 tons annually. With the arrival 
of the biomass boilers in late September, the system should be fully functional by the end of October in time for the winter. 
LESSONS LEARNED 
To ensure a smooth startup process for new wood pellet boiler installations, the DOER has some recommendations: 
 Obtain community acceptance – The taxpayers had concerns when the 
project was first proposed regarding the cost of funding such a large project. 
In order to mitigate these concerns, the school district presented the 
taxpayers with an exact breakdown of how much each person’s taxes would 
increase due to the project costs. When presented this way, the project cost 
was much more manageable, and community acceptance was achieved. They 
also brought in biomass technology experts to help to educate the 
community members. Educating the community about these new type of 
technologies is very important. In order for the community to support a 
project like this, they need to know what it is all about. 
 Get multiple trustworthy opinions on the project – Since wood pellet boiler 
are relatively new to the United States, Southern Berkshire Regional School 
District had three feasibility studies done for this project. Comparing these 
feasibility studies, they were able to clearly see the difference in experience 
of the different engineering firms by the boiler sizing and cost estimates 
provided by each of them. The first study was done by the contractor 
assigned to them by the MSBA, but the school had two more studies done 
because they knew the first contractor lacked experience with biomass boilers. After comparing all three studies, they had a much 
more appropriate boiler sizing estimate and an accurate projection of how much the project would cost.  
3000 gallons Thermal Storage Tank 
Electric Panels 
  
Air Source Heat Pumps for Residential 
Heating and Cooling 
Sudbury Public Housing Development  
OVERVIEW 
The Sudbury Public Housing Development is a low income housing 
development composed of 21 single family and duplex units which are 
primarily occupied by elders. Most of the buildings within the 
development were constructed in the 1960’s. 
With approximately 30-40 residents inhabiting the units, the Sudbury 
Public Housing Development provides a community to low income and 
retired elders. Prior to the installation of the air source heat pumps 
(ASHPs), each unit was heated using electric baseboard heating. Each 
unit was equipped with a thermostat allowing the residents to set the 
temperature to their personal comfort levels. These electric baseboard 
heating systems use large amounts of electricity, are expensive to 
maintain and repair, and can pose as a fire hazard. The Department of 
Housing and Community Development (DHCD) noticed that the 
electricity cost of each unit was around $130 monthly, exceeding their 
target of $100 monthly. In order to reduce this cost, the DHCD acquired 
full funding from the DOER to implement a pilot program testing the 
cost savings of ASHPs over electric baseboard heating. 
Two ASHPs were installed in pilot units in November, 2013 and wired 
for PowerWise along with two control units. Two additional ASHP 
pilot units were added in March, 2015 and wired for PowerWise along 
with two additional control units. In September, 2015, the PowerWise monitoring system was adjusted to reflect accurate data but 
substantial data to complete a cost analysis has not been gathered. However, utility bills from the first winter of operation indicate 
a potential electricity savings of 68-80%. 
SYSTEM DESIGN AND INSTALLATION 
The four pilot units were equipped with Fujitsu Model 
15RLS2 ASHPs to provide the residents with heating in the 
Winter, and cooling/dehumidification in the Summer. These 
ASHPs are operated using a  remote control that is placed 
within each unit. The resident uses this remote to set the 
temperature of the room. When placed on the “auto” setting, 
the ASHPs will cycle on and off in order to maintain this 
temperature. 
The ASHPs are 
composed of a 
condenser that is 
placed outside the 
units and an inside vent that distributes the air to the room to maintain the temperature of 
the unit. The condensers are placed behind the units, so aesthetics is not a concern. The 
inside vents require a fair amount of wall space which some residents find unappealing. In 
order to connect the inside vent to the outside condenser, piping was placed throughout 
the shared hallways in the units. These pipes are rather large and have been the source of 
complaints from the residents and housing director. 
The installation of the two initial ASHPs at Sudbury went very poorly because they were 
installed by electricians instead of HVAC specialists. Since the complex is a public 
housing development, all major projects must be put to public bid and the lowest bid 
chosen. Because of this, they ended up hiring a firm of electricians with no ASHP 
experience. 
CASE STUDY 
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AT A GLANCE: 
 21 single family and duplex rental houses for low 
income families, occupied primarily by elders 
 DHCD decided to install Air Source Heat Pumps 
in 4 pilot units based on per-unit power usage 
 No feasibility study was done for this project 
 PowerWise power consumption monitoring 
system installed in the 4 pilot units as well as 4 
control units 
 Saved 68-80% on electricity during first Winter 
 
LEARN MORE: 
 Community Housing Office:  https://sudbury.ma.us/
cho/ 
 Renewable heating and cooling in Massachusetts: 
http://bit.ly/renewablethermal 
Sudbury Public Housing Development Duplex Unit 
Air Source Heat Pump Diagram 
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OPERATIONS AND MAINTENANCE 
To keep the ASHPs running smoothly, they require the filters to be 
cleaned every six months. Since there are only four ASHPs within the 
Sudbury Public Housing Development, maintenance for these systems 
hasn’t been integrated into the housing development’s maintenance plan, 
and thus the responsibility lies with the residents of the pilot units. One 
such resident has stated that maintaining his system is easy, and that he 
even helps out the other residents with maintaining their ASHPs. His wife 
however noted that for many of the elders there, maintenance would be 
very difficult to perform on their own. 
IMPORTANCE OF FEASIBILITY STUDIES 
The Department of Housing and Community Development decided to install these four pilot units in the Sudbury Public Housing 
Development because of the high costs of running and maintaining the electric baseboard heating systems in the units. However, 
they didn't have a feasibility study done that would have more accurately projected the savings and success of this project. Without 
the feasibility study, they went into a project without truly understanding all the details of the project process and the obstacles 
they could have encountered along the way.    
They also didn’t have feasibility study to determine the effectiveness of different styles of metering systems in their situation. The 
metering system they decided to use, PowerWise, is internet based, which poses an issue because the Sudbury Public Housing 
Development has unreliable internet connection at times. One of the main reasons for this is that there is not a central internet 
access account at the complex, so this metering device was using a resident's personal internet to upload data. This has historically 
caused some the energy usage data to be inaccurate. Had a feasibility study been conducted, the challenges of implementing 
PowerWise here may have been detected. 
PROJECT OUTCOMES 
The residents who have the ASHPs installed in their units are very pleased with the 
climate controlling capabilities they provide. One resident is quoted as saying “It’s 
the best invention ever. They should’ve had these fifty years ago!” There are 
concerns about the residents having trouble becoming accustomed to operation of 
the ASHPs, but with proper training this shouldn’t be an issue in the future. 
While the ASHP technology functions very well to provide heating and cooling to 
the residents, there were many problems with utilizing the PowerWise monitoring 
system. During the initial installation, the ASHPs were connected to a shared meter 
rather than to the meters of the individual units making it difficult to differentiate 
unit power use on PowerWise. Additionally, since the unit buildings are from the 
1960’s and have since been renovated, the breaker panels are difficult to navigate, 
especially when trying to determine which circuit powers which appliance. Some 
of these issues could have been avoided if a study was done before deciding to do 
the project. 
LESSONS LEARNED 
To ensure a smooth startup process for air source heat pump installations, the 
DOER has some recommendations: 
 Perform a feasibility study – For Sudbury Public Housing Development no feasibility study was commissioned, and feasibility 
studies provide not only recommendations for the specifics of the renewable technology to be installed, but in many cases also 
provide background information on the building/units themselves. Had this study been conducted, the many challenges of 
installing a pilot program, and working with PowerWise may have been exposed. 
 Consider the application of the system – The cost effectiveness of the ASHPs has been hard to measure not only because the 
PowerWise data has been inaccurate, but it is possible that also the ASHPs are not being used in a cost effective way. The 
system manufacturer recommends to have the ASHPs in “auto” mode in order to work at its optimal efficiency. However, the 
elderly residents were not educated on proper usage habits for the system and treat the controls like they would a thermostat. 
The constant changing temperature causes the ASHPs to switch on and off rather than auto regulating the room’s climate, 
which is very inefficient. Had the application of this renewable technology been analyzed prior to installation, the elders could 
have been properly educated on the best use of these technologies and these issues could have been avoided.  
Air Source Heat Pump Indoor Vent 
Air Source Heat Pump Outdoor Condenser 
appendix 6 : summative assessment
Our team has worked very well together from the very beginning of our
project. When we learned who our team members would be in ID 2050, we made
an effort to get to know each other and become friends outside of the project. We
accomplished this by doing activities together outside of class, like eating din-
ner. By becoming friends as well as teammates, we felt comfortable enough with
each other to participate in open and honest conversations, as well as share hon-
est comments and suggestions. Due to our strong bonds, we were easily able to
resolve our few team conflicts and move forward with the project, producing a
great result.
Our team’s success is also due to specific strategies we utilized to bolster our
productivity. At the beginning of the term we created a daily to-do list that we
would continue to use throughout the term. We established a routine of using
this to-do list to determine our tasks for the day. We would review the items on
the list for the day on the train and assign team members to each item based on
their strengths. In addition to the calendar and due dates provided by the project
advisors, we made our own more detailed calendar with more specific due dates.
This allowed us to internally stay on track and complete our assignments with
enough time to allow for our site visits. Because we worked in separate cubicles
at the DOER office, we used the chat feature of Google Documents to be commu-
nicate as we were writing or editing documents.
Throughout the term, we split up the tasks to be done based on each team
member’s strengths and weaknesses. For example, Keirstan took the lead when
interviewing stakeholders from each project site because she is comfortable with
thinking on the fly due to past experience hosting radio shows. Another exam-
ple is when producing the case studies for our sponsor, Jonas and Luis took the
lead on writing the summaries and formatting each document because they are
tech-savvy and more comfortable with compiling summaries than writing sec-
tions of the report. Keirstan and Carolina focused on writing and editing various
sections of the report throughout the term because they have good writing skills
and enjoy editing. Jonas did a lot of fine editing because he has the patience and
grammatical knowledge to edit such a large report.
While we were already effectively accomplishing our work goals, after com-
pleting our formative assessments, we identified some areas for improvement
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within our team and applied corrective actions to remedy the situation. The first
thing we noticed was that we were spending a lot of time writing sections of our
paper. We quickly realized that this was because we were all writing at the same
time. To remedy this situation we began splitting up the work based on each
team member’s strengths, and taking a moment at the end of the day to recon-
vene and discuss what had been accomplished that day. We also identified that
there were some issues with time management and team members becoming dis-
tracted throughout the day. We took corrective action and had designated breaks
from work in an effort to split up the day. We also removed all unnecessary dis-
tractions (i.e. phones, laptops) when collaborating on a single task. Finally, we
identified that Keirstan was starting the conversation about what was to be com-
pleted each day. To remedy this, she allowed time for others to say their opinions
and Jonas, Carolina, and Luis took initiative to provide their insights.
While we were able to improve our team’s productivity by addressing several
areas of concern, there is always room for each individual to grow into a better
team member. For example, Keirstan seems to naturally fall into a leadership
role. While this allows for increased productivity, sometimes every team mem-
ber’s opinions aren’t heard. She plans on being more aware of the opinions of
others within the group and allowing for others to step up into leadership roles.
Jonas should take the initiative to do things beyond the baseline of what’s on
the schedule, which he will attempt to do on future projects. Carolina could try
to rely less on the team for information that could be obtained from a different
source. She will try to keep better track of emails and information relevant to
the project. Luis plans to take more of a leadership role and express his opinions
freely, instead of waiting for someone to delegate tasks for him to do.
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